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Birth of a Duck Marsh 
FOREWORD 
Ever since enabling legislation was passed in 1939, the De-
partment of Inland Fisheries and Game has allocated a sizeable 
portion of its "Federal Aid to Wildlife" funds for waterfowl 
habitat improvement. Many and varied projects ranging from 
research on duck foods to the purchase and management of 
marshes have been carried out. These have benefited the water-
fowl resource in Maine and throughout the Flyway. The report 
which follows is your Department's most recent contribution 
toward better waterfowl management. It presents results from 
an investigation of Maine's small marsh developments, reviews 
our wetland habitat status, takes a look to the future, and out-
lines a broad program for the continued wise management and 
use of the waterfowl resource. 
To make the bulletin useful to game technicians and adminis-
trators as well as informative to the sportsman, a considerable 
amount of technical material has been included. We trust this 
will not detract from the value of the publication to our dedi-
cated sportsmen. It is suggested that readers not interested in 
details of the small marsh study scan the first portion of the bul-
letin, noting the conclusions on page 34, then move directly to 
the generalized discussions on wetlands and waterfowl starting 
on page 43. 
Sincerely, 
RONALD T. SPEERS 
Commissioner 
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ABSTRACT 
The nature and results of a small marsh evaluation study 
are reported. Eighty-foq.r marshes were investigated over a 
three-year period to determine their physical characteristics 
and waterfowl production yields. It was found that coastal zone 
marshes were the most productive on a per acre basis and man-
made marshes in the 5-10 acre class were superior. Annual 
waterfowl production was found more stable from year to year 
on man-made marshes and cost analysis revealed the importance 
of quality in site selection as related to production. Seven 
species of game ducks nested on the artificial marshes. Sixty 
percent of these were black ducks. Initial development costs 
for 27 artificial marshes averaged $165 per acre. It was esti-
mated that flying ducks could be produced for a little over $3.00 
on high quality man-made areas. 
The relative attributes of various sized marshes and criteria 
for their appraisal are discussed. The future needs of Maine 
waterfowl are reviewed and a general program to meet them 
outlined. Specific recommendations are made to implement the 
program proposed. 
vii 
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MAN-MADE MARSHES FOR MAINE 
WATERFOWL 
THE SMALL MARSH INVESTIGATION 
Introduction 
Various types of wetlands and particularly marshes fill an 
important niche in the habitat needs of Maine's wildlife resource. 
Most people think principally of ducks and muskrats in relation 
to marshes but the abundance of water and food found in such 
areas is utilized by many species. Deer, moose, bear, raccoon, 
mink, otter, and beaver, to name a few, all seek some of life's 
necessities and niceties in marsh habitat. 
Across the nation, students of the outdoors have long recog-
nized this importance and the attendant need for preservation 
or even reclamation of marsh areas if their fruits are to be en-
joyed. Unfortunately, the low, flat nature of marshes frequently 
makes them ideal dumping sites, or tempts the farmer to drain 
and plant or the industrialist to fill and build. Feathers and fur 
have often had to give way b~fore the onslaught of tin cans, 
corn and concrete. Some of this· loss was inevitable with the 
growth of the nation, other areas were uselessly drained and 
fortunes lost when soils proved unsuited for agriculture. In 
other instances, shoe factories and oil refineries could have been 
as well built elsewhere. Watching this disappearance of wetlands 
with growing concern, game managers and other resource-
conscious people began to look for ways to alleviate this habitat 
destruction. Soon marsh construction programs were in full 
swing. 
Because of its relatively sparse population and, to a certain 
extent, its isolation from the mushrooming "megalopolis" to 
the southward, Maine did not feel the press of marsh destruction 
as early as some states. However, in 1942 the Department of 
Inland Fisheries and Game constructed seven marshes or wild-
life impoundments on the Swan Island Game Management Area. 
These small marshes, averaging less than 10 acres, were in-
tended as waterfowl breeding areas in season or protected rest 
areas during the hunting season on surrounding Merrymeeting 
Bay. In 1948 the Ruffingham Meadow Game Management Area 
1 
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was purchased and in 1951 a concrete dam and water control 
structure installed. R uffingham was considered primarily a 
waterfowl breeding area with public hunting a secondary pur-
pose. Intermediate in size, it encompassed 615 acres including 
315 acres of high quality marsh or water. 
From these modest beginnings marsh acquisition and de-
velopment in Maine has grown like Topsy. Presently the De-
partment of Inland Fisheries and Game owns, leases, or other-
wise controls wetland areas comprising about 6,000 acres. This 
total is growing annually. 
Starting in 1955, the Game Division of the Department be-
came increasingly involved with construction of small artificial 
marshes on privately owned land. This work was one activity 
carried out under the Pittman-Robertson Project 47-D which 
was designed to encourage various wildlife practices and 
developments on private lands. The "small marsh program" 
proved popular and no doubt gained impetus as a result of New 
York State's extensive and successful program plus the well pub-
licized Soil Conservation Service's farm pond program. It was 
quickly realized by game administrators that a sizeable marsh 
building program in Maine might become unduly expensive in 
terms of both construction and maintenance costs. Consequent-
ly, in 1957, an investigation that would evaluate the role of the 
"small marsh" in relation to waterfowl production in Maine was 
designed. 
Before planning the study it was necessary to define care-
fully the object of investigation - in this case - the "small 
marsh." Originally the "small marsh" was described according 
to rather rigid specifications established by the development 
project providing for their construction. As these specifications 
became modified or relaxed as a result of experience, the defini-
tion, for purposes of evaluation, adjusted accordingly. Basically 
the term "small marsh" as used here refers to a man-made 
marsh: built on leased private land by the Maine Department 
of Inland Fisheries and Game, having a total cost of less than 
$5,000 and a planned per-acre cost for impounded area not over 
$200. 
A major purpose of this bulletin is to report the nature and 
findings of the small marsh investigation and suggest possible 
future courses for Maine waterfowl management. 
Figure 1. Typical Dike and Water Control Structure Used in 
Small Marsh Construction. 
Why It Was Done 
It took nearly a year to design the small marsh evaluation 
study and not until the spring of 1958 did field work begin with 
following objectives: 
1. To determine whether or not breeding waterfowl use the 
small marshes. 
2. To determine whether or not small marshes are relatively 
more productive of waterfowl than natural marshes. 
3. To determine regional differences in waterfowl produc-
tion on small marshes. 
and 
4. To determine whether or not a small marsh program 
actually increases duck production or merely causes a 
redistribution of production which occurs naturally. 
Because of the need to appraise the relative value of small 
marshes in various parts of the State, objectives 1-3 were state-
4 
wide in scope. To overcome the difficulties and necessity for 
intensive study in seeking answers to the redistribution question 
(objective 4), special study areas in the Monroe-Dixmont area 
and Piscataquis River Valley between Dover and Milo were 
selected. 
During the three year field study, 84 different breeding 
marshes distributed throughout the State (Fig. 1) were investi-
gated. 
How It Was Done 
Selection of Study Areas 
During planning stage of the evaluation study the State was 
subdivided into the continuous forest and farm-woodland zones 
on the basis of land use patterns and desirability of small marsh 
construction. No marsh construction in the continuous forest 
zone was contemplated. The farm-woodland zone was further 
TABLE 1. INITIAL ECOLOGICAL DIVISIONS ESTABLISHED F'OR 
STUDYING REGIONAL DIFFERENCES IN SMALL MARSH 
WATERFOWL PRODUCTION 
Continuous Forest Zone - None 
Farm-Woodland Zone 
Region 
Hill Country 
Central Uplands 
Coastal Lowlands 
Sub-Division 
Western 
Eastern 
Major Watersheds 
Lesser Watersheds 
Western 
Middle 
Eastern 
Aroostook Potato Lands 
Area 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10 
10 
10 
11 
12 
13 
14 
Location 
Franklin-Oxford Co. 
Monroe-Dixmont 
Penobscot Valley N . 
Penobscot Valley S. 
Kennebec Valley N. 
Kennebec Valley S. 
Androscoggin Valley 
Piscataquis-Sebec 
Sebasticook 
Sheepscot or } 
Damariscotta or 
Pemaquid or 
Other 
S. of Cape Elizabeth 
Cape Elizabeth-Belfast 
Belfast-Eastport 
E . Aroostook Co. 
TABLE 2. DISTRIBUTION OF STUDY MARSHES BY REGION 
AND SIZE CLASS 
Region 
Type Area Size Class I II III Total 
(acres) (number of marshes) 
Natural 0 - 5.5 12 3 1 16 
5.6-10.5 4 6 1 11 
10.6-25.5 10 9 1 20 
25.6+ 3 5 2 10 
Sub-total 29 23 5 57 
Man-made 0- 5.5 7 4 0 11 
5.6-10.5 4 1 1 6 
10.6- 25.5 1 2 2 5 
25.6+ 2 3 0 5 
Sub-total 14 10 3 27 
Total 43 33 8 84 
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subdivided into regions based on physiographic characteristics. 
These regions were then classifi_ed according to geographic loca-
tion and known pattern of waterfowl breeding within them. 
Fourteen areas (table 1) resulted where small marshes could 
conceivably be built with variable success as far as waterfowl 
breeding habitat was concerned. 
However, continuing ground reconnaissance and engineering 
investigations in 1958 revealed that three of these areas (No. 1, 
Franklin-Oxford Co.; No. 3, Penobscot Valley North; and No. 
14, Eastern Aroostook County (fig. 11)) were not suited to 
small marsh construction as defined. In each case, combined 
lack of quality sites and overly expensive engineering require-
ments indicated that discontinuance of small marsh construc-
tion was desirable. 
The original design specified a group of these small marshes 
and three natural or index marshes for investigation in each of 
the 14 areas. When it became obvious that this quota could not 
be filled, boundaries were modified and regional comparisons 
were based on the divisions shown in figure 2. This enabled 
larger numbers of marshes for comparison and more useful 
statistical analyses. Twenty-seven small marshes and 57 natural 
index marshes (table 2) were investigated. Although the index 
marshes were set up as control areas for comparison with arti-
6 
ficial marshes, they were not individually paired with specific 
small marshes. In most cases comparisons were based on aver-
ages for groups of marshes in a particular category or portion of 
the State. In many instances the control marshes were under 
investigation a year or two prior to construction of small 
marshes. 
/ 
> I 
/ 
0 
,. 
/ 
/ 
/ 
/ 
Fig. 2. Regional Divisions and Distribution of 
Study Areas fo r Karsh Evaluation . 
MAINE 
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Criteria for selection of natural index areas were that: 
1. They be approximately the same size as anticipated small 
marshes 
2. They be reasonably free from disturbance by man 
3. They have· at least one successful breeding pair of wafar-
fowl present the first year (to enable measurement of 
trends). 
Index marshes were selected by regional game biologists and 
approved following field reconnaissance by the research leader. 
Ecological Data 
Although study objectives were aimed primarily at deter-
mining "what happened" on the study areas, it seemed im-
portant to concurrently seek some indication of "why it hap-
pened." Ecological data which might provide clues were gath-
ered for each area. Information was recorded (Appendix A) 
as to size; vegetative cover; water-cover interspersion; soils; 
cover and topography of marsh basin; and water source; depth; 
volume; reliability; and control structures. 
Marsh Site Selection and Construction 
The selection of suitable areas for construction of small 
marshes was a responsibility of regional biologists. The engi-
neering and administrative requirements as set forth in "The 
Small Marsh Manual" 1 were the principal guide lines employed. 
Little emphasis was. placed upon the quality of the area or its 
specific location in relation to local waterfowl populations. This 
was due partly to a lack of information as to what constituted 
"quality" in potential breeding marshes and partly because sites 
meeting engineering requirements were scarce. 
Production Inventories 
Production inventories to measure waterfowl breeding popu-
lations and production of young were carried out annually. Four 
ground counts, using "quiet observation" techniques were made 
by game biologists during early morning or late daylight hours. 
1 An earlier version of: An illustrated small marsh construction manual 
based on standard designs. By Com. on Habitat Mgm't. and Devel. 
Atlantic Waterfowl Council. 1959. 
8 
Data concerning species and age class of waterfowl observed 
were recorded on standard forms (Appendix A). 
Banding and Marking 
It was originally intended to nest-trap, band, and color-mark 
incubating ducks on the intensive study areas. It was hoped that 
observations from marked birds would yield information as to 
shifting of nesting sites to or from small marshes and adjacent 
natural areas in succeeding years. If such changes occurred 
from one year to the next, the small marsh influence upon the 
distribution of local breeding populations could be appraised 
and objective 4 satisfied. Unfortunately it proved impossible to 
locate and nest-trap a sufficient proportion of the nesting popu-
lation to yield worthwhile data. Consequently, the trapping and 
marking of flightless young with attending hens were substituted 
to achieve the same purpose. Small portable brood traps were 
devised and nasal disk bill-markers used to mark the birds 
(figures 3 and 4). 
Figure 3. Portable Brood Trap Used to Capture Local Waterfowl. 
9 
Figure 4. Nasal Disk Bill Marker & Component Parts. 
Additional details of various techniques used are presented 
in pertinent sections. 
What We Learned 
Marsh Characteristics 
The varicus natural and man-made marshes investigated 
varied widely in size, soil quality, water depth, vegetative com-
position, cover interspersion and many other attributes. Since 
objectives included comparisons of duck production on natural 
vs. small marshes, the effects of these habitat characteristics 
required appraisal. Human activity, and its effect on duck pro-
10 
duction, was a factor which could not be scientifically evaluated. 
Without doubt, it may be a critical limiting factor under some 
conditions. In certain instances on our man-made marshes it 
very likely contributed to either limited or complete lack of 
waterfowl usage. 
The marsh characteristics which were investigated in some 
detail are reviewed below. 
Size. Study marsh acreages to approximate high water 
marks 1 were determined from aerial photos or ground surveys. 
It was found that natural marshes ranged from less than 2 to 
more than 80 acres. Man-made marshes varied from 11/ 3 to 
over 65 acres. The following arbitrary size classifications were 
established to facilitate comparisons. Within size classes there 
Type 
Natural Marsh 
Man-made Marsh 
Size Class 
(acres) 
0-5.5 
5.6- 10.5 
10.6 - 25.5 
25.6+ 
0-5.5 
5.6-10.5 
10.6 - 25.5 
25.6+ 
Code Designation 
A 
B 
C 
D 
were no significant differences (P .05) in average size between 
man-made and control marshes. 
Cover. Waterfowl breeding cover or habitat was divided in-
to three components according to the needs each fulfilled. Spe-
cifically, each study marsh was separated into nesting, brood 
rearing, and open water resting or feeding areas. Open water 
required no further definition and brood rearing cover was desig-
nated as flooded or emergent vegetation providing concealment. 
Both open water and rearing cover are normally contained with-
in the marsh basin below the high water mark. Nesting cover-
the third prerequisite for a successful breeding area-may occur 
as small elevations (and hence dry) within the marsh or in 
adjacent upland. Although the distance from water that ducks 
1 This criterion is used to classify marsh size throughout the report. How-
ever, analysis of cover components ( discussed in the following para-
graphs) required inclusion of adjacent nesting habitat which in some 
cases increased marsh size. 
11 
may nest varies by species and individuals, the majority of nests 
will occur within 75 yards of the water. This arbitrary distance 
was used to define the maximum limits in measuring nest cover. 
Aerial photos and biological survey data (Appendix A) were 
used to determine the proportions of study marshes made up by 
the three cover components. The combined acreage (nest cover, 
brood cover, and open water) for any individual area was termed 
the "total size" and was used only for evaluating relative cover 
proportions. 
To appraise differences between natural and man-made 
marshes of various size classes the three breeding cover com-
ponents were tabulated on a proportionate basis. Subsequent 
analysis of variance (table 13), indicated no significant dif-
ference (P .05) in the mean proportion of open water between 
Marsh Class Code Bl D1 A B C A 1 C1 D All Marshes 
Open Water (ave. percent) 17 17 24 25 25 27 27 43 25 
various marsh size classes shown below. The differences which 
occurred may thus be attributable to chance alone. Significant 
differences (P .05) among marsh size classes in proportions of 
both brood and nest cover were. revealed by analysis of variance 
(Tables 14 and 15). Duncan's (1955) multiple range test with 
Kramer's (1955) modification was used to assess these dif-
ferences. Test results are presented diagrammatically below. 
Any two means (averages) not underlined by the same line differ 
significantly (P .05 with limitations). 
Marsh Category A D B C B1 A1 D1 C1 All Marshes 
Brood Cover (ave. percent) 21 22 23 32 34 36 45 48 33 
Marsh Category C1 D D1 A1 C B1 B A All Marshes 
Nesting Cover (ave. percent) 25 35 38 38 43 49 52 55 42 
These tests indicate where real differences occurred. They 
also reveal that within size classes there were no important dif-
ferences between natural or man-made marshes in the average 
proportion of open water, brood cover, and nesting cover. With-
out regard to size class, it is notable that man-made marshes 
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were uniformly characterized by larger proportions of brood 
cover. On the whole, it seems reasonable to conclude that con-
trol marshes were comparable to the artifidal marshes as far 
as size and proportions of cover components are concerned. 
The quality of cover on the marshes was also highly varied. 
Nest cover, brood cover, and open water on each marsh were 
rated from 1 to 3 - good, fair, and poor, respectively. Cover 
interspersion was similarly rated. The principal species making 
up each of the cover components were listed and the ratings as-
signed according to quality, distribution and abundance. For 
example, nest cover made up largely of floating vegetative islands 
with moderately dense stands of heath plants would be rated as 
good. Conversely nest cover comprised largely of open hard-
woods adjacent to the marsh would be poor. Similarly for brood 
cover, flooded shrubs would be good and sparse bulrush poor. 
Open water was rated on a basis of submersed aquatics present 
and their rnlue as duck food. The assigned numerical values 
and their recorded fre:iuencies were then averaged to determine 
a "cover quality index" for individual cover components and also 
for the total cover present on a given category of marshes. Since 
one (1) was the highest rating, the lower the index the better 
the cover in general. Results ( Table 3) were not clear cut and 
differences between regions and type of area (i.e. man-made vs. 
natural) were slight. It did not appear that statistical examina-
tion was warranted. In general man-made areas seemed to have 
TABLE 3. COVER QUALITY INDICES* FOR STUDY AREAS 
Cover 
Region Type Nest Brood Open Inter- Ave. Sample 
Marsh Cover Cover Water spersion Index No. Marshes 
I Natural 1.7 1.7 2.0 2.2 1.9 30 
Artificial 1.6 1.9 2.5 2.2 2.1 15 
II Natural 1.4 1.9 2.0 2.0 1.8 16 
Artificial 1.5 1.6 2.1 2.1 1.8 8 
III Natural 2.2 2.8 2.2 2.4 2.4 5 
Artificial 2.0 1.3 1.7 1.3 1.6 3 
All Natural 1.7 1.9 2.1 2.2 2.0 51 
Artificial 1.6 1.7 2.3 2.1 1 9 26 
* Possible range from 1.0 - 3.0. The lower the index the better the quality. 
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slightly better cover than the natural marshes. There were a 
number of exceptions however, and the investigation of cover 
quality can scarcely be considered conclusive. 
Water Depth. The average water depth on study marshes 
was found to vary so widely that large mean differences between 
size classes shown below were not significant (P .05). Despite 
lack of statistical significance it should be noted that the man-
made marshes ( Classes A 1 , B1 , C1 , & D1 ) were generally shal-
lower than most natural marshes. This may be a factor having 
considerable influence upon waterfowl use. 
Marsh Class Code Ave. Water Depth 
(Inches) 
Man-made 
(5.6 -10.5 acres) B1 16.7 
Man-made 
(0 - 5.5 acres) A1 24.2 
Man-made 
(25.6 + acres) n1 24.4 
Natural 
(0 - 5.5 acres) A 27.8 
Man-made 
(10.5 - 25.5 acres) er 28.9 
Man-made 
(5.6 -10.5 acres) B 29.6 
Man-made 
(10.6 - 25.5 acres) C 30.8 
Man-made 
(25.6 + acres) D 50.7 
Soils.':' The soil investigations conducted as part of this 
study were of an extensive nature and intended only to serve as 
possible indicators of why various marshes or groups of marshes 
were or were not successful duck producers. Samples were col-
lected at several stations in each marsh from the top six inches 
of soil, air-dried, and analyzed by the soils laboratory at the 
University of Maine using procedures outlined by Carpenter 
(1953). Results for individual marshes are tabulated for ref-
erence in Appendix C (Table 20). 
,:, The bio -chemistry of marsh soils is a complex study and beyond the scope 
of this paper. Particularly helpful references, with special regard to 
wildlife marshes, are reports of New York studies by Cook and Powers 
(1958) and Emerson (1960). 
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Analyses of soil test data were aimed primarily at detecting 
differences between artificial marshes and the natural control or 
index areas. Lacking a better scale for rating plant nutrients, 
the levels used for field crops (table 21) were used. Nutrient 
level frequencies for phosphorus, potassium, calcium and mag-
nesium found on man-made and natural marshes were compared. 
Both phosphorus and potassium were usually low (fig. 5). Fur-
ther, this deficiency occurred about equally on both artificial 
marshes and control areas. In contrast to phosphorus and potas-
sium, the calcium and magnesium levels were more frequently in 
adequate supply on the natural marshes (fig. 6). This was some-
what surprising in view of the fact that the pH was significantly 
higher (P .01) on man-made marshes averaging 5.4 to 5.2 on the 
control marshes (fig. 7). Emerson's work (op. cit.) revealed 
that in situ pH determinations often gave higher ratings than 
air dried samples taken at the same time and place. However, 
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he also found that the difference between in situ and air dried 
samples was not consistent among marshes and depended upon 
additional soil factors. In view of his findings, pH test results 
from our air dried samples may be less meaningful than antici-
pated. It is felt however, that soils in the recently flooded small 
marshes tend to average slightly less acid than most of our 
natural marshes. This may likely be due to the higher organic 
matter content of soils in the older natural marshes (fig. 7). 
The average organic matter content among natural marshes was 
nearly double that found on man-made marshes (22.1 vs. 12.8 
percent). This difference was statistically significant at the one 
percent level. 
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Soil texture was determined (Bouyoucos method) for 10 
man-made and 37 natural marshes. The results (table 4) indi-
cated that most man-made marshes were characterized by less 
sand and more clay than the controls. No particular inference 
is drawn from this finding since soils with considerable clay con-
tent were normally sought during the engineering reconnais-
sance for marsh construction sites. 
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TABLE 4. SOIL TEXTURE OF MARSH SOILS 
Percent Sand Silt Clay 
Composition Man-made Natural Man-made Natural Man-made Natural 
(No. Marshes':' ) 
0-10 3 (8) 1 (10) 12 (32) 
11-20 1 (10) 2 (5) ,, (8) 2 (20) 19 (51) ,:, 
21-30 6 (60) 3 (8) 4 (11) 5 (50) 3 ( 8) 
31-40 1 (10) 5 (14) 5 (50) 12 (32) 1 (10) 3 (8 ) 
41 - 50 1 (10) 14 (38) 4 (40) 13 (35) 1 (10) 
51- 60 1 (10) 4 (11) 1 (10) 2 (5) 
61-70 3 ( 8) 
71-80 2 (5) 
81-90 4 (11) 
Total 10 37 10 37 10 37 
,:, Percent of marshes in parentheses. 
Water Supply. Data collected regarding the water supply 
of the various areas were limited to observations made during 
the period of study. As pointed out in a previous section the 
water situation was highly variable - particularly on the natural 
index marshes. Natural waters originated from small drainage 
patterns in most cases and some were also spring fed. The re-
liability of the water source seldom failed but some beaver dams 
and non-wildlife man-made control structures did deteriorate or 
cease to function in several cases. As a consequence, the related 
waterfowl breeding areas dried up or became much less attrac-
tive. This aspect of natural vs. man-made breeding areas should 
be weighed when appraising the merits of marsh construction. 
Since nearly all the wildlife marshes were designed and con-
structed in accordance with the manual developed by the Atlantic 
Waterfowl Council (1959). the water supply was usually more 
limited than on the natural areas. In only one case did the 
supply prove inadequate. This occurred on an Aroostook 
County marsh where unusual soil conditions not detected in the 
original survey caused excessive seepage and the existing water 
supply was insufficient to maintain desired water levels. In two 
other cases small marsh control structures failed due to frost 
and ice action. 
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Surroundings. Cover adjacent to . the study areas ranged 
from open fields to completely wooded sites with all degrees in 
between. Although the isolation provided by forested surround-
ings is probably desirable, sites where the impounded area was 
completely wooded did not appear to be the most productive. 
Similarly, marshes surrounded by open fields or close to busy 
dwellings were not heavily utilized. The topography adjacent 
to the man-made marshes was usually subdued and tended to be 
flat or gently rolling. Conversely, natural index areas were lo-
cated in situations ranging from nearly flat to almost moun-
tainous. There were no discernible relationships between to-
pography per se and waterfowl usage. 
Age. Benson and Foley (1956) and others have recognized 
that the age of an impoundment may have an important influ-
ence on its production of waterfowl. Normally impoundments 
are the most productive during the first few years of flooding 
after which a gradual decline occurs unless the area is revital-
ized through fallowing or some other means. Our studies re-
ported here covered but three consecutive years and none of the 
wildlife impoundments were more than four years old. It seems 
unlikely that the age factor greatly affected the duck production 
observed during the study. Because of the age factor however, 
extrapolation of data to predict future duck production over the 
life of the marsh should be considered as only suggestive of its 
possible potential. Declining duck production with increasing 
age of artificial impoundments needs further investigation. 
Duck Production 
Man-made vs. Natural Marshes. Although the marshes in-
vestigated during the evaluation study were used (in some cases 
extensively) by migrating ducks in both spring and fall, the 
major interest was in appraising their value as breeding areas. 
Since results of the investigation would function as a guide to 
future marsh construction it was necessary to know whether or 
not man-made marshes in one part of the state produced more 
ducks than in another. Similarly, data were needed about duck 
production on marshes of different size classes. In fact, in gen-
eral what were the characteristics of successful marshes? Cost 
was another important aspect and analyses were carried out to 
find out how to obtain the most for the money. To answer these 
questions, data from production surveys and office files were care-
fully examined and analyzed (statistically where applicable). 
Figure 9. Waterfowl Productive (top) and Unproductive Natural Index 
Areas. 
Figure 10. Waterfowl Productive (top) and Unproductive Small Marshes. 
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It was found that the productiveness of the individual 
marshes investigated varied from zero to nearly 3¼ young per 
acre per year ( observed ducklings only). Because dense cover 
on most Maine marshes makes young ducks difficult to see, the 
actual production probably exceeded the observed maximum. 
The study indicated that 81 percent of the artificial small 
marshes produced ducks compared to 68 percent of natural areas 
(table 5). This is not a valid comparison of relative quality 
however, because the natural areas were chosen for anticipated 
production. It does constitute one measure of the development 
program's efficiency in (a) selecting potentially productive sites 
and (b) the employment of sound construction principles. In 
this case, a little over 7 percent of the man-made areas failed 
during the period due to construction problems. Eleven percent 
failed to produce because of poor site selection. Maine's was a 
very small sample (27 marshes) however, and ultimate succe~s 
v 1 ill be higher after construction difficulties have been overcome. 
Since unproductive areas would incorrectly influence compari-
sons among classes or categories of marshes, the remaining 
analyses were restricted solely to productive areas. 
TABLE 5. PROPORTION OF MARSHES PRODUCING DUCKS 
Size Class Productive Marshes 
(acres) Type Area Total Marshes Number Percent 
0 - 5.5 Natural 16 8 50 
Man-made 11 9 82 
5.6 - 10.5 Natural 11 7 64 
Man-made 6 5 83 
10.G - 25.5 Natural 20 18 90 
Man-made 5 5 100 
25.6 + Natural 10 G 60 
Man-made 5 31 60 
Tota l Natural 57 39 68 
Man-made 27 22 81 
1 Due to structural failure on 2 marshes. 
The average annual vroduction ver marsh (productive 
marshes only) ranged from 0.7 to 2.1 broods or 3.9 to 13.5 
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young (table 6). However, the differences in duck production 
per marsh on man-made or artificial marshes and between 
marshes of various size classes were not significant at the 5 per-
cent level (table 17). Additional study revealed that artificial 
marshes in the 5.6 - 10.5 acre class did produce significantly 
more birds than similar sized natural marshes in about nine out 
of ten cases (table 6). It is apparent that the sample was too 
small and variable to measure real differences in mean produc-
tion per marsh, since intuitively larger marshes should yield 
more ducks, other factors being equal. 
TABLE 6. A VERA GE ANNUAL DUCK PRODUCTION ON MARSHES 
OF DIFFERENT SIZE CLASSES 
Productive 
Size Class All Marshes Marshes Only 
(acres) Type Area Broods Young Broods Young 
0- 5.5 Natural .35 1.96 .70 3.94 
Man-made .56 3.44 .69 4.20 
5.6-10.5 Natural .58 2.76 .91 4.33 
Man-made 1.50 9.07 1.80 10.88':: 
10.6- 25.5 Natural 1.29 7.32 1.43 8.13 
Man-made 1.68 8.40 1.68 8.40 
25.6 + Natural 1.26 8.12 2.10 13.53 
Man-made 1.06 6.30 1.77 10.50 
Total Natural .87 5.04 1.29 7.31 
Man-made 1.20 6.80 1.49 8.50 
* Analysis of variance indicated no significant differences (P .05) in young 
produced between size classes or types of areas. "T" test revealed sig-
nificant difference between natural and man-made marshes in 5.6 - 10.5 
acre class at about 11 percent level. 
Regional difjerences in marsh productiveness (fig. 1) were 
evaluated by reducing duck production data to a per acre basis 
( table 7) . Region I coastal marshes were found the most pro-
ductive. Region II (intermediate) was lower and northeast 
Region III marshes yielded the fewest ducks per acre. Region-
ally, per acre production was comparable on both natural and 
man-made marshes with one exception. "Small marshes" in the 
coastal region produced significantly more ducks (P .05) than 
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natural marshes or either type marsh in other regions. Within 
regions data were too few and too variable to validly measure 
production differences between marsh size classes. Statewide, 
the production average was approximately 0.7 young per acre 
per year on productive artificial marshes compared to 0.5 on 
natural marshes. The maximum for any category was 1.7 
young per acre annually on coastal small marshes and the mini-
mum 0.1 on northeast natural marshes. Based on available evi-
dence, it is concluded that marshes constructed in the coastal 
zone normally produce more birds per acre than marshes in 
other parts of the State. 
TABLE 7. REGIONAL DIFFERENCES IN MARSH PRODUCTIVENESS 
Average Production Per Acre 
(productive marshes only) 
Region 
Natural Marshes Man-made Marshes 
Broods Young Broods Young 
I Coastal .10 .62 .29 '~ 1.70 ::, 
II Intermediate .07 ·.35 .08 .33 
III Northeast .05 .06 .05 .45 
IV Northwest No Sample 
Statewide .08 .46 .13 .72 
* Significantly greater than other regions or classes (P .05). 
Annual changes in observed production of both number and 
size of broods occurred on the study areas ( tables 8 and 9) . 
Thirty-four areas including 24 natural and 10 man-made 
marshes were inventoried all three years of the study. The ten 
small marshes showed a steady increase in production of broods 
and young. Over 79 percent more ducklings were produced in 
1960 than in 1968 on the same areas. Conversely, in 1959, 
natural marshes dropped 30 percent from 1958 then returned to 
1958 levels the last year. Obviously, the upward trend in pro-
duction on small marshes if real, must level off. However, it 
may well be that managed small marshes are less subject to 
violent annual changes in duck production than natural marshes. 
Certainly this was true during the present study. 
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TABLE 8. ANNUAL CHANGES IN NUMBER OF DUCK BROODS 
OBSERVED ON STUDY MARSHES 
No. Year 
Region Type Area 
Marshes 1958 1959 1960 
I Coastal Natural 14 33 21 26 
Man-made 6 9 12 18 
II Intermediate Natural 9 13 9 11 
Man-made 3 6 6 6 
III Northeast Natural 1 0 0 1 
Man-made 1 1 1 1 
IV Northwest No sample 
Sub-total Natural 24 46 30 38 
Man-made 10 16 19 25 
Total 34 62 49 63 
TABLE 9. ANNUAL CHANGES IN NUMBER OF YOUNG DUCKS 
OBSERVED ON STUDY MARSHES 
No. Year 
Region Type Area Marshes 1958 1959 1960 
I Coastal Natural 14 196 131 172 
Man-made 6 58 68 118 
II Intermediate Natural 9 51 41 69 
Man-made 3 15 36 22 
III Northeast Natural 1 0 0 4 
Man-made 1 9 10 7 
IV Northwest No data 
Sub-total Natural 24 247 172 245 
Man-made 10 82 114 147 
Total 34 329 286 392 
Species composition of breeding waterfowl varied on natural 
and man-made areas. Seven different game ducks were ob-
served breeding on both the "small marshes" and "index" areas. 
Figure 11. Black Ducks (top) Were the Most Numerous Species on Both 
Small Marshes and Natural Areas. 
Ringnecks (bottom) Were Not as Numerous on Small Marshes as on 
Natural Marshes. 
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Included in order of importance were: black duck, wood duck, 
ring-necked duck, hooded merganser, green-winged teal, blue-
winged teal and common goldeneye. Black ducks made up about 
60 percent of the observed broods and young on both types of 
area (table 10). Breeding ring-necks were found less frequent-
ly on artificial areas than natural (table 10). This may have 
been due to the newness of the impoundments since cover types 
normally associated with breeding ring-necks (Mendall, 1958) 
frequently develop in the course of plant succession on older im-
poundments. Hooded mergansers and both teals pioneered the 
new areas quickly and were present in greater proportion than 
on the index areas. As anticipated, no mallards nested on the 
study marshes in contrast to the high proportion of this species, 
Benson and Foley (op. cit.), found on New York's small marshes. 
TABLE 10a. SPECIES COMPOSITION OF DUCK BROODS, 
OBSERVED ON NATURAL AND MAN-MADE MARSHES 
(3-YEAR AVERAGE) 
Type of Area 
Species Natural 1 Man-made 2 
(Percent) 
Black Duck 59 60 
Wood Duck 20 18 
Ringnecked D. 15 2 
Hooded Merganser 1 7 
G-w Teal 2 7 
B-w Teal 1 4 
Goldeneye 1 1 
Unidentified 1 1 
100 100 
1 Basis approximately 150 broods. 
2 Basis approximately 89 broods. 
TABLE 10b. SPECIES COMPOSITION OF YOUNG DUCKS 
OBSERVED ON NATURAL vs. MAN-MADE MARSHES 
(3-YEAR AVERAGE) 
Type of Area 
Species Natural1 Man-made 2 
(Percent) 
Black Duck 60 62 
Wood Duck 16 15 
Ringnecked D. 20 2 
Hooded Merganser tr 7 
G-w Teal 1 4 
B-w Teal 1 8 
Goldeneye 1 2 
Unidentified tr tr 
99 + 100 + 
1 Basis approximately 870 young. 
2 Basis approximately 530 young. 
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Average brood size (all-age) did not differ significantly be-
tween man-made and natural areas (table 11). However, 
samples for the less numerous species were small and the data 
are considered inconclusive. The possibility of increased preda-
tion on artificial marshes, has been voiced as of potential concern. 
It would, of course, be highly undesirable to attract waterfowl 
to man-made marshes where they might rear fewer young than 
on a natural marsh. Maine data showed average brood size for 
major species to be as high or higher on artificial than natural 
breeding areas. There was, no evidence of increased brood mor-
tality on man-made areas. 
A "Sixty-four Dollar" Question 
Determining whether or not a small marsh program actually 
adds to duck production or merely causes a redistribution of 
breeding populations proved to be a "sixty-four dollar" question. 
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TABLE 11. AVERAGE ALL-AGE BROOD SIZE BY SPECIES FOR 
NATURAL vs. MAN-MADE MARSHES (3-YEAR AVERAGE) 
Species 
Black Duck 
Wood Duck 
Ringnecked 
H. Merganser 
G-w Teal 
B-w Teal 
Golden eye 
Unidentified 
Total 
Natural 
5.9 (90V' 
4.5 (30) 
8.0 (22) 
3.0 ( 1) 
3.7 ( 3) 
3.6 ( 2) 
5.5 ( 2) 
3.0 ( 1) 
5.8 (150) 
* Basis No. of broods in parentheses. 
Type of Area 
Man-made 
(No. young/ brood) 
6.2 (52) 
5.2 (16) 
6.1 ( 2) 
5.9 ( 6) 
3.5 ( 6) 
10.0 ( 4) 
10.9 ( 1) 
1.0 ( 1) 
6.0 (89) 
How much or how little the development of man-made marshes 
influences the distribution of local breeding populations prob-
ably depends largely on the number and quality of constructed 
marshes compared to the number and quality of natural areas 
present. To study this problem, a block of land in the Monroe-
Dixmont Area containing more than 20 natural breeding sites 
was chosen for intensive study (fig. 12). Production studies 
were made during three consecutive seasons (1958-1960) and 
local breeders plus their offspring were banded and color-marked 
(fig. 13). Plans were to measure the effect of marsh construc-
tion by building as many marshes as possible within this area 
and then to follow possible changes in breeding distribution by 
observing marked birds and band returns. Two marshes total-
ing 19.5 acres were built in 1958. Unfortunately, these were 
the only suitable sites which could be found on the study area so 
the investigation was rather restricted. Despite this limitation, 
the data gathered did provide some insight into the basic prob-
lem. The 1958 breeding population on the Monroe-Dixmont 
Area was estimated at 57 percent black ducks, 27 percent wood 
Figure 12. Young Ring-necked Duck Banded and Color-marked. 
ducks, 8 percent hooded mergansers, 5 percent ring-necked 
ducks, and 3 percent green-winged teal. The tabulation below 
indicates the minimal duck production that occurred on the area 
during the investigation: 
No. breeding pairs 
No. broods 
No. young 
1958 
44 
26 
168 
1959 
50 
20 
129 
1960 
54 
24 
162 
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From the above populations 6 adult females and 42 young (25%) 
were trapped and marked in 1958 and JO adults (5 males, 5 fe-
males) plus 105 young (78%) in 1959. At the advent of the 
1959 breeding season an estimated (from weighted band re-
coveries) nine young females plus the six older fem ales re-
mained as potential breeders'~. Although 50 pairs were recorded 
on the areas in 1959, no color-marked birds were observed. Al-
though the return of marked males to the banding (breeding) 
site of the previous year is unpredictable, the homing tendency 
of adult females to marshes of previous nesting experience is 
well known. Similarly young females are be1ieved to have an 
attachment for their natal region if not their actual birthplace 
(Hochbaum, 1960). 
Similar results occurred in 1959 when almost 78 percent of 
the 149 young and females observed were trapped and color-
marked. By 1960 there was a possible potential of 69 marked 
females for return to the Monroe-Dixmont Area but none were 
ever observed after the year of banding. These were comprised 
of 7 4 percent black ducks, 13 percent ring-necked ducks, 10 per-
cent wood ducks and 3 percent green-winged teal. During this 
period one of the marshes supported 5 broods in both 1959 and 
1960 whereas the other failed to harbor a single brood either 
year. Although the possibility exists that ducks nesting on the 
new marsh were simply missed on adjacent areas the previous 
year, it seems probable that they were attracted to the new 
marsh from outside the study area. It is assumed that for 
some reason the new marsh was simply more attractive than 
adjacent natural areas. The data suggest that a relatively high 
annual turnover of breeding populations occurred on the study 
areas. 
Despite these findings the argument still p2rsists that the 
birds using the man-made area would have nested and reared a 
brood elsewhere had the marsh not been present. This may or 
may not be true. An academic question at best, this philosophy 
will not bear close scrutiny. If it is assumed that the birds 
would have nested elsewhere (which is quite probable), inferior 
sites could have been utilized where chances for success were 
slight. Similarly, if a traditional nesting marsh had been de-
* Ten percent of the bands were reported as recovered by hunters and 
follow-up correspondence revealed no loss of color markers. However, 
all but one were same season recoveries. 
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stroyed during the year birds might not nest at all. Production 
surveys in the drought-stricken prairies indicate that when a 
lack of suitable habitat is encountered on previous breeding 
areas, many birds fail to nest. Our data suggest that chances 
for successful nesting and brood rearing are probably greater 
on managed small marshes. Furthermore, it is axiomatic that 
the more high quality habitat there is available the more ducks 
will be produced. "Quality" is a key word in Maine where so 
much ( 58 % ) of our wetland is of low or negligible value to 
waterfowl (U.S.D.I., 1954). 
Some Cost Considerations 
In weighing the expense of small marsh construction against 
the returns, both the public and the resource management 
agency concerned should recognize the multiple values of such 
areas. Benefits to soil and water conservation, fur-bearers, fish, 
birdlife in general, and recreation, all accrue in addition to pos-
sible stock water and fire protection for adjacent land owners. 
Despite an appreciation of these multiple benefits accruing from 
a small marsh program, game agencies must frequently "foot-
the-bill" for the work and hence justify expenditures in the eyes 
of sportsmen who provide the funds. In Maine, game adminis-
trators wanted to know whether such a program produced ducks. 
Costs have been examined in that light. 
Since the small marshes are relatively new, good mainte-
nance figures were not yet available and the appraisal was based 
solely on construction costs. It could be pointed out however, 
that Keith (1961) found maintenance costs approximating 33 
cents per acre annually for small impoundments in Alberta. 
When development expenses are weighed against duck pro-
duction, the factors affecting marsh construction costs must be 
considered. Engineering requirements are an important aspect 
and one which in Maine needs much more study. The effects of 
marsh size and location upon cost were studied and it was found 
that among our 27 man-made marshes there was no appreciable 
difference in the average per acre construction cost in different 
regions (table 12). Size, however, did make a difference (table 
12) and in general terms the larger the marsh the less the per 
acre construction cost. The initial development costs for 365 
acres of marsh contained in 27 marshes averaged $165.00 per 
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acre. This is substantially below the $235.00 per acre estimated 
cost for the five Alberta impoundments studied by Keith ( op. 
cit.). However, Maine costs ran well over $600.00 per acre on 
some individual marshes. In terms of ducks produced the 365 
acres yielded an average of 285 young annually ( observed duck-
lings). If continued production at this rate is assumed and marsh 
construction costs are written off over 25 years (the lease term), 
then 7,125 birds will have been produced for $60,113.00 (exclu-
sive of maintenance costs) at a cost of $8.44 per bird. This line 
of reasoning may be carried one step further. If the additional 
assumption is made that 40 percent of these birds are eventu-
ally harvested, the average cost per bird placed in the hunter's 
bag then becomes $21.10. However, if construction costs can 
be kept down and production high the price of birds can be re-
duced. For example, construction costs on six of the better 
r-:.arshes averaged $192.00 per acre. These marshes should pro-
duce almost three birds per acre annually at about $3.10 apiece 
TABLE 12. SMALL MARSH CONSTRUCTION COSTS BY 
SIZE CLASSES AND REGIONS 
Total 2 
No. Ave. 1 Range Ave. 
Criterion Marshes Cost/ Acre Cost/ Acre Cost/ Acre 
Size Class ($) ($) ($) 
(Acres ) 
0 - 5.5 11 366 77 - 690 327 
5.6 - 10.5 7 291 130 -481 278 
10.6 - 25.5 5 144 97 -237 140 
25 .6 + 4 107 77 -128 103 
Region 
I Coastal 15 308 77 - 690 161 
II Intermediate 9 222 104 - 486 171 
III Northeast 3 174 97 - 280 166 
IV Northwest None 
Total 27 253 77 - 690 165 
1 The sum of per acre costs per marsh ""7" number of marshes. 
2 Total cost ""7" total acreage. 
34 
over a 25 year period. This compares favorably with artificial 
propagation and release. In short, ducks can be grown on man-
made marshes at reasonable costs if areas are carefully selected 
for high production potential plus low construction and mainte-
nance costs. 
Evaluation Study Conclusions 
As a result of the small marsh evaluation study in Maine 
the following conclusions are drawn: 
1. Among marshes producing ducks those in the coastal 
region and those in the 5-10 acre class were measurably superior 
among the study areas. 
2. Regional differences in production rates occurred within 
the State. The coastal region was the most productive per unit 
of area. 
3. The size of man-made marshes had little effect on the 
per acre production rate but did affect per acre construction 
costs. In general, the bigger the marsh-the less cost per acre. 
4. Individual site factors influenced construction costs but 
did not show evidence of being consistent or characteristic of 
any particular section of the State. 
5. Man-made marshes can be built in Maine that will pro-
duce birds at costs comparable to artificial propagation. 
BIG MARSHES - LITTLE MARSHES - MIDDLE SIZED 
MARSHES 
The foregoing sections have been concerned solely with an 
investigation of "small marshes." However, it is obvious that 
Maine's many larger marshes must also fit into any compre-
hensive scheme to manage her waterfowl resource. In the fol-
lowing paragraphs the different attributes of these bigger areas 
are outlined and a broad policy suggested for establishing their 
status. 
What Are They? 
Before discussing the relative merits and attributes of dif-
ferent sized marshes, a definition of terms is needed. 
Big marshes as intended here are arbitrarily considered as 
having a minimum size of 1,000 acres. This could consist of 
several smaller marshes immediately adjacent to each other, the 
whole being owned and managed for wildlife by the State or 
Federal Government. Such marshes might be natural or man-
made and either fresh, salt, tidal or inland depending on their 
situation. Little marshes may be considered synonymous with 
the "small marshes" discussed in the previous sections. Usually 
less than 100 acres in size and costing under $20,000 for develop-
ment, they would probably be managed by long-term lease or 
easement on private land. Probably most "little marshes" would 
Figure 14. Big Marshes are Important to the Harvest of Waterfowl 
Resources. 
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be supplied with fresh water. The middle sized category as it 
implies, means marshes from 100 to 1,000 acres. These would 
likely be on State-owned land and might be fresh, brackish or 
salt. 
From the standpoint of Maine waterfowl management the 
designations of "big, little and middle sized" may al o be related 
to the function they serve. 
What For? 
Marshes of different sizes posse s the various attributes re-
quired by a well balanced waterfowl program. Particularly 
important in this State is the maintenance, improvement, and 
increase (if possible) of good breeding or production habitat. 
Since our ducks are not colony nesters ( with exception of eider ) 
and seldom nest close to each other, many small breeding areas 
are pref er able to a few big ones. Also, the vagaries of Maine 
weather, flash floods, predation and other decimating factors 
are less apt to cause catastrophic los es during a single sea on 
if breeding habitat is well di persed and distributed over the 
State. The little marshes are of great importance in this re-
Figure 15. Many Little Marshes Are the Best Answer to the Need for 
Nesting Site . 
Figure 16. Middle Sized Marshes from 100-1000 Acres Are Needed for Both 
Breeding and Hunting Areas. 
spect but because of the economics involved, the utmost care 
must be employed in selecting both areas and methods for their 
development. 
Marshes in the middle sized category serve a multiple pur-
pose in Maine's program and many of our better marshes fall 
by nature into this class. Such marshes provide good breeding 
habitat and, when managed (i.e. water control), yield relatively 
stable duck production each year. In addition middle sized 
marshes provide feeding and resting areas during migration 
and may also serve as fall refuge areas or provide hunting oppor-
tunity for a limited number of sportsmen. 
The future preservation of middlesized marshes will become 
increasingly important as greater demands are made for recre-
ation property, industrial or development areas, and waste dis-
posal areas. 
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Big marshes are scarce in Maine, but the large acreage of 
"permanent water of significant value to waterfowl" (U.S.D.I., 
1959) somewhat makes up for their lack. Where larger marshes 
do occur they are often of chief importance for hunting. By 
virtue of their size they can accommodate a sizeable number of 
hunters without mutual interference. Large marshes also pro-
duce ducks and similarly fulfill other functions of smaller 
marshes though seldom in proportion to their size. Usually 
goose management is only feasible on large areas. Since big 
marshes are irreplaceable, their preservation wherever they 
exist is of prime importance to the future of Maine wildfowling. 
In addition to waterfowl, marshes provide valuable and 
needed habitat for many other forms of fish and wildlife. 
Larger marshes in particular can often be managed to furnish 
opportunities for boating, fishing, swimming, camping, picnick-
ing, trapping, scientific research and conservation education as 
well as hunting. To assure that such areas will continue to pro-
vide maximum benefits to the greatest number of people it is 
essential that they remain in public ownership. 
MARKETS FOR MARSHES 
Wild waterfowl populations are not static and their ups and 
downs depend on a multitude of environmental factors. Though 
inherently well equipped to cope with natural forces, waterfowl 
cannot survive unrestricted exploitation either directly or of 
their living quarters. In the long run their ability to perpetuate 
themselves will depend to a major degree upon the amount and 
quality of habitat available. The Department of Inland Fish-
eries and Game is charged with responsibility for preserving 
and managing this resource. To accomplish this end the De-
partment must be constantly aware of changing conditions and 
the status of habitat. 
Mere awareness of the need for saving or adding habitat, 
however, is not sufficient. To fulfill its obligation the Depart-
r1.ent must have necessary authority, funds, and personnel to 
acquire, preserve, develop and manage adequate habitat. Maine, 
at the northern end of the Atlantic Flyway (in the U.S.), is an 
important duck producing state. Therefore, the maintenance 
and increase (if possible) of bfeeding habitat is essential. 
Growing human populations will not only usurp areas presently 
used by ducks but will also make greater demands upon the re-
source itself for sport and recreation. The creation, mainte-
nance, and management of "small marshes" is the most effective 
way to fulfill the need for breeding space. 
To assure that preservation and development of breeding 
habitat does not become a temporary or wasteful crash program 
should be a constant goal. To be effective the mechanisms and 
methods for accomplishing the objective must remain sufficient-
ly flexible to meet different situations encountered in the field 
and varying economic conditions. In this respect, an experi-
mental technique currently being tested shows much promise. 
Transplanted beaver, introduced with the land owner's approval 
on carefully selected areas, are being managed to create and 
maintain small breeding marshes. Research completed several 
years ago (Spencer, 1957) revealed that close to 50,000 ducks 
were produced annually on beaver flowages . It is apparent that 
skillful beaver management can be good duck management. 
There is a ready market for high quality small breeding areas 
whether made by man, beaver or mother nature. 
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In addition to "small marshes" there are many "middle 
sized" marshes that are important breeding areas. Those of 
exceptional quality should be acquired and managed by the In-
land Fisheries and Game Department as fnnds permit. How-
ever, the importance of owning these areas is also governed by 
their vulnerability to destruction and deterioration. Continued 
strong efforts should be made to prevent the loss of such valuable 
habitat. 
Last but not least are the "big marshes" over 1,000 acres. 
Few and far between in Maine, their preservation should be a 
matter of top priority. Once lost the big marshes ( and often 
the middle-sized marshes) are irreplaceable. Unlike smaller 
areas the big marshes can be effectively managed and developed 
for public hunting areas. This is particularly important near 
t he larger centers of population. Providing hunting oppor-
tunity and something to hunt will be an increasingly difficult 
challenge with a rapidly expanding and highly mobile popula-
tion of sportsmen. Since the trend is ever upward in land 
values, selected areas should be acquired as soon as possible even 
though development must be long delayed. 
To sum up waterfowl habitat needs from the standpoint of 
the resource, the major emphasis in Maine is for breeding habi-
tat. This is best fulfilled by numerous, well distributed small 
areas plus selected high quality areas from 100 to 1,000 acres. 
In regard to utilization, the wise use and enjoyment of the re-
source by the people will be much affected by the preservation 
of the larger areas. Since the latter are irreplaceable and more 
vulnerable to loss, assuring their status as public property 
should be of top priority. 
MARSH APPRAISAL 
Obviously not all marshes or breeding sites fo Maine can be 
purchased or developed for waterfowl. The need for a balanced 
wildlife program limits the funds allocated for waterfowl and 
makes it most necessary that those available be used wisely. 
As pointed out previously the choice of high quality sites is 
essential. This is frequently difficult due to the complex 
biological, sociological and engineering factors involved in each 
individual case. There has been an unfortunate tendency, more 
or less across the nation, to assume that any marsh at any price 
was a good one. Just as the successful areas testify to the wild-
life manager's hits - the <luckless marshes show his misses. As 
with other states, Maine has had both hits and misses and con-
current research has determined some of the causes. 
Our studies indicate that selection of wetlands for purchase 
or development will normally require careful and thorough re-
connaissance and/ or surveys to determine: first, the quality or 
potential quality of a site for waterfowl; and second, the engi-
neering, social and economic aspects involved. Possible excep-
tions to this principal will occur in cases where a biologist's per-
sonal knowledge of intensive waterfowl utilization makes an 
area's value and quality obvious. Even in such cases, informa-
tion usually stems from production surveys, harvest studies or 
some related work. (To facilitate these reconnaissance surveys 
a suggested procedure has been outlined in appendix D.) 
Once exploratory data have been gathered, marshes must be 
appraised and the most suitable areas chosen. Size will make a 
difference. In selecting larger areas, the vulnerability to de-
struction, waterfowl usage, management potential, and location 
of the area with respect to human populations should be major 
considerations whenever a choice occurs. 
In selecting breeding habitat findings from the small marsh 
evaluation study are generally applicable to both small and 
middle sized marshes. As previously noted, the investigation 
indicated that productive marshes costing less than $200.00 per 
acre were sound investments. It also revealed that man-made 
marshes in the coastal zone and those in 5-10 acre class averaged 
higher in per acre duck production. From the standpoint of 
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habitat on individual sites, marshes characterized by 34 percent 
brood cover, 49 percent nest cover and 17 percent open water 
with good water-cover interspersion were the most productive. 
A cover quality index based on plant species and distribution 
was also developed (page 9 and table 3). It is suggested that 
comparing the factors of (1) location, (2) cover component 
proportions and interspersion, and (3) cover quality index may 
provide the biological basis for choosing or selecting breeding 
marshes for development. Where applicable, waterfowl use sur-
veys should also be conducted. Production data may be com-
pared with Table 4 averages to assess relative levels. 
NOTE: It is anticipated that the Atlantic Flyway Council's manual on 
marsh management technique, due for release in 1933, will contain 
considerable information on surveys and will be a valuable future 
reference with regard to marsh appraisal. 
A LOOK TO THE FUTURE 
Ducks and Hunters 
Predicting the future, particularly in space age times, is 
always risky. Reviewing recent trends, however, may help to 
bring the problem into focus. 
The number of ducks available and the number of people 
hunting them will largely determine the future of the sport. 
Nationally, waterfowl species have had their ups and downs for 
at least a8 long as records are available. Fortunately, Maine 
does not appear to experience the drastic changes in duck popu-
lations that occur farther west and south. Even so, early Maine 
historians writing at different times report both scarcities and 
abundance of wildfow 1. Using the past to judge the future, it 
would appear that irrespective of hunting we may expect fluctu-
ations in duck numbers from purely natural causes. Although 
the ups and downs will continue, it is also likely that the "ups" 
may not be quite as high and the "downs" a little lower as man 
continues to encroach upon the- living space needed to sustain 
the resource. 
Estimating the number of hunters that can be expected in 
future years is also a knotty problem. Banasiak (1961) care-
fully reviewed population changes, economic conditions, and 
deer hunting license sales from 1938 through 1958. He con-
cluded that, "Very likely, the number of hunters in Maine will 
increase in the future," and also that "Future loss of hunting 
space in the eastern sea-board states is more likely to affect the 
waterfowl and small game hunter rather than the deer hunter." 
It certainly seems likely that the long range, general trend 
toward increasing population will eventually affect the State of 
Maine. The loss of hunting opportunity in other eastern states 
will probably result in more nonresident hunters as well as in-
creased numbers of Maine wildfowlers. Despite the long range 
outlook, recent trends have been toward fewer duck hunters 
rather than more (fig. 20). The record of duck stamp sales 
(required by Federal law for all waterfowl hunters 16 years 
or older) indicates that availability of birds, regulatory restric-
tions and duck stamp price may have a material effect upon the 
number of hunters. It is apparent that many duck hunters have 
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Figure 17. Trends in Duck Stamp and Hunting License Sales 1934-1961. 
at least a psychological limit beyond which they won't go when 
considering the cost of their sport versus the possible return. 
This limit varies widely with the enthusiasm of the individual. 
There are those who would probably hunt with the chance for a 
single duck for a single day and at the other extreme is the old 
market hunter who gave up when the limit was reduced below 
25 birds per day. In short, each added restriction or increase in 
cost presently seems to represent "the straw that broke the 
camel's back" for a few more hunters. This downward trend 
has exceeded what otherwise might have been a modest increase 
in the number of hunters if regulations had remained stable. In 
1961 there were less than half as many duck hunters as in 1953. 
Despite the eight-year trend in hunters, Maine waterfowl popu-
lations appear to be in good condition and the situation will 
probably reverse itself eventually with more rather than fewer 
duck hunters taking to the marshes and waters. 
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As skill and knowledge in waterfowl management and ad-
ministration increase, Maine wildfowlers should benefit and the 
sport become more attractive through improved regulations and 
the maintenance of quality hunting. 
The Sportsman 
The term "quality hunting" will become of increasing sig-
nificance to future Maine hunters. Although meaning different 
things to different hunters, the philosophy expressed by the 
planning committee for the Mississippi Flyway Council (1961) 
seems universally acceptable. This group recognized that: 
"(a) the waterfowl resource has both tangible and in-
tangible values; 
(b) the intangible values, which include the esthetic, 
educational, cultural, and traditional aspects of 
wildfowl and wildfowl hunting, the therapeutic 
attributes, the opportunity for vigorous exercise, 
and the chance to practice a wide variety of skills, 
unquestionably outweigh the monetary values; 
(c) these values are enhanced by preserving natural 
conditions and reduced by introducing artificial 
conditions; 
( d) these values are enhanced by good sportsmanship 
and a reasonably successful hunt and reduced by 
poor sportsmanship and continuous poor success; 
( e) these values are enhanced by reasonable control of 
hunting pressure and reduced by lack of control 
wherever hunting pressure is high; 
and 
(f) these values are enhanced by good all-around 
management which considers the discriminating 
person and reduced by management designed only 
to meet the current demands of the indiscriminat-
ing pt:blic." 
Serious duck hunters will not only endorse such principles as 
these but accept also the responsibility for their promotion and 
more widespread adoption by the fraternity. Recent studies in-
dicate that duck hunter "sportsmanship" leaves much to be 
desir ed. 
Figure 18. Sportsmen Deserve a Place to Hunt. 
Habitat Needs 
The continuation of high quality hunting opportunity will 
depend in a major degree upon the maintenance of adequate 
habitat on which to hunt as well as sufficient breeding, resting 
and feeding areas to meet the needs of a healthy wildfowl popu-
lation. Few Maine hunters have experienced the heavy hunting 
pressures already occurring in some parts of the country. 
Forced into facing this problem in some areas, the Mississippi 
Flyway Council (ibid) has estimated that a minimum of 90 
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acres per two-man blind is required if semblances of quality 
hunting are to be preserved. If Maine hunters will tolerate com-
parable spacing, how much land is needed for wildfowling now? 
- and in the future? Harvest studies yield some clues which 
may help answer this question. For example, in 1960 there 
were about 8,000 active Maine duck hunters plus another 1200-
1300 "under 16" and nonresident hunters (Spencer, 1961 and 
Gill, 1962). Also, it is known (Spencer, - ibid) that the max-
imum number hunting at any one time occurs during the open-
ing days of the season and makes up only about one-third or 
3,100 of the total hunters for the season. If each active hunter 
requires about 45 acres, then 139,500 acres will be the max-
imum land needed for hunting space under existing conditions. 
At the present time the Department owns or controls about 
6,000 acres of huntable waterfowl land. Fortunately there is 
available a sizeable acreage of both public and private land open 
to hunting that makes up the remaining space needed. Although 
there is as yet no adequate _inventory of waterfowl hunting 
space in Maine, the U. S. Fish and Wildlife Service (U.S.D.I., 
1954 and 1959) reported more than three quarters of a million 
(763,440) acres of wetland and permanent water area of sig-
nificant value to waterfowl. Though not all of this land is suit-
able for hunting, much is - and the bulk of it is open to hunt-
ing. Thus applying the above criteria, it appears that there is 
adequate space for wildfowling and even room for more hunters 
than are presently afield. It should be a constant goal in man-
aging the waterfowl resource to safeguard the values of these 
wetland areas and prevent their loss or destruction. 
Program for Tomorrow 
Having reviewed Maine's waterfowl and wetland status 
( only a few aspects of which have been discussed here), it is 
concluded that, to assure future generations the continued use 
and enjoyment of the resource, Maine's wetland-waterfowl man-
agement plan must adhere to the following broad guidelines: 
a. Inventory. Comprehensive wetland inventories are 
needed to provide current data on available hunting space, pro-
duction areas and resting areas plus potential areas suitable for 
development to meet one or more of the above needs. Informa-
tion is also needed regarding rate at which waterfowl areas are 
being lost due to increased recreational use, the deterioration of 
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old mill or lumbering dams, and other causes. Previous wetland 
inventories have been broad in scope and extensive in nature. 
They were designed to yield information on the classification 
and acreage of existing habitat and fail to provide sufficient 
specific data for the development of habitat programs at the 
State level. 
In addition to habitat inventories, waterfowl population sur-
veys or censuses will be required to appraise waterfowl response 
( or lack of it) to management. Both direct enumeration as 
illustrated by winter counts or production surveys and direct 
methods such as kill questionnaires, wing collections, etc., will 
continue to form an important basis for wise program planning. 
b. Habitat Acquisition. Maine's fortunate situation with 
regard to available wetlands should not become a basis for com-
placency or a "laissez faire" attitude toward habitat acquisition. 
Although much public land is now open to hunting, little of it 
may be manageable primarily for waterfowl even if such author-
ity were vested in the Department. Similarly, more and more of 
our few larger marshes plus many smaller areas are being 
usurped each year by other recreational interests, industry, or 
other uses. It is estimated that at least 140,000 acres of hunting 
land dedicated primarily to waterfowl management should be 
a reasonable and worthwhile goal for the future. This does not 
imply that the Department (Fish and Game) must purchase this 
acre·age of waterfowl land but rather than through a combina-
tion of means they gain authority to manage this amount of land 
for the good of waterfowl in the public interest. Lease, water 
flowage easements, legislative dedication, rural zoning, access 
rights, and gifts could all supplement the acquisition program. 
Actually, ownership of many public waters is not needed to pre-
serve their waterfowl values. Legislative dedication ( or other 
mandate) plus coordinated planning by resource agencies could 
assure that public waters would be maintained in good condition 
for the future. Although larger lakes, ponds, rivers, tide flats, 
etc., are now in public ownership, marshes are often privately 
owned. On these areas outright acquisition and ownership may 
be the only means of preserving their values. 
Since waterfowl management funds will be limited, it is es-
sential that an acquisition program be based on a thorough 
knowledge of existing and potential habitat gained through sur-
vey and inventory. In acquiring wetlands for the future, 
Figure 19. Too Noisy Now for Nesting. 
Figure 20. Yesterday a Duck Marsh - Tomorrow a Playground. 
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emphasis should be placed on quality. However, since complete 
and current inventory data will rarely be available, the vulner-
ability of known high quality areas to destruction may necessi-
tate their prompt acquisition to prevent loss. Large coastal 
marshes may often fall in this category and timely decisions to 
acquire or not must be made in the best judgment of adminis-
trators charged with the responsibility. The vulnerability of 
marshes to loss or destruction lessens progressively northwest-
ward toward the interior and more time will be available in this 
direction for the comprehensive planning of the acquisition 
program. 
An additional objective in wetlands acquisition will be to 
assure through close coordination that State and Federal pro-
grams dovetail together supplementing and complementing each 
other for the mutual benefit. 
c. Wetland Development. Many marshes fulfill waterfowl 
needs in their natural state. Others require modification or 
"development" before their full potential can become available. 
If preserved in their present condition, marshes may be de-
veloped at any future date. Conversely, increasing land values 
will make future purchase for game management prohibitive 
and as a consequence, acquisition should take priority over de-
velopment. When funds for development do become available, 
State controlled marshes can then be developed according to 
plans carefully drawn to suit the needs of the area and its man-
agement objectives. The purpose of the area (i.e., for hunting, 
breeding, nesting, etc.) should be determined at the outset and 
development plans governed accordingly. Multiple purpose 
management principles will usually yield maximum returns 
when they do not detract from an area's value in serving its 
primary objective. However, multiple use during the breeding 
season is often not compatible with duck production and the 
smaller the area, the more this tends to be true. The manage-
ment objectives of the area should govern the degree and type 
of other uses permitted or encouraged. As acquisition goals are 
attained more intensive development of public hunting grounds 
may be desirable. 
The development of breeding habitat has long been important 
in the Maine waterfowl picture and will be a continuing need in 
the future. Research indicates that many small marshes are 
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pref er able to a few large areas in fulfilling the need for breeding 
habitat, and development of breeding sites should aim in this 
direction. The situation of small breeding areas is diverse and 
development methods should be selected to suit the area rather 
than vice versa. To establish the greatest number of quality 
sites for the least money should be a governing principle. This 
concept suggests the use of managed beaver colonies, the repair 
of abandoned mill or logging dams and various other techniques 
in addition to outright lease and dam construction. 
Flexibility should be maintained in waterfowl development 
programs to meet the changing needs and situations of the 
future. 
Management. Waterfowl management in Maine as through-
out the Continent will follow two roads. One will lead to more 
and more intensive attempts to control waterfowl populations 
through regulation of their harvest. Intensified harvest man-
agement will involve more complex hunting regulations with 
greater emphasis on individual species. Presently the popular 
term for this is "species management." This concept will be-
come of greater importance as game scientists learn through 
research to take increased advantage of individual species re-
quirements. For hunters willing to learn to identify their game, 
species management offers a genuine hope for greater and per-
petuated sport in wildfowling. 
The second and perhaps most crucial avenue lies in the di-
rection of habitat management. This may and should vary 
from simply owning and preserving good habitat to its inten-
sive management for hunting, breeding or resting areas. The 
many broad aspects of statewide waterfowl management are 
beyond the scope of this report, but again as in development 
programs, management programs should remain flexible to meet 
the needs. In most cases well-trained and experienced regional 
game biologists should have a key role in determining and plan-
ning local m::t,nagement. 
Research. As in management, Maine's wetland and water-
fowl research program should be directed toward both habitat 
and population investigations. Providing the information on 
which to base species. management will be an important goal. 
Harvest studies, mortality investigations (through banding) 
and life history type of studies for certain species will be in-
Figure 21. Marsh Management Will Intensify. 
Figure 22. More Ducks Will be Produced. 
Figure 23. To Know - To Manage Wisely. 
volved. The greatly increased recreational boating and restric-
tive game duck regulations will cause more hunters to turn to 
sea ducks (scoters, eiders, and old squaws) for sport. Little 
is known of factors affecting their populations. Similarly there 
is little quantitative knowledge of how hunters react under dif-
fering conditions and regulations. Remedying these deficiencies 
plus development of proven habitat management techniques 
should be major research objectives. 
RECOMMENDATIONS 
Details of small marsh evaluation studies have been pre-
sented and a brief resume of Maine's waterfowl-wetland status 
prepared. It is hoped that a broad guideline for future wetland 
management for waterfowl has been provided. To aid in imple-
menting such a program the following recommendations are 
made: 
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Acquisition 
1. Review the acquisition policy annually bringing it up-to-
date and assigning specific priorities to areas considered. 
2. Complete acquisition of large coastal marshes as soon as 
possible due to their vulnerability to loss. 
3. Place a major emphasis on development and mainte-
nance of small waterfowl breeding areas through improved and 
intensified beaver management. 
4. Purchase marshes that are exceptionally attractive to 
waterfowl, ranging from 100-1000 acres in size. (Priority here 
should be based upon vulnerability and quality.) 
5. Lease and develop "small marsh" sites of unusually high 
quality. 
6. Encourage Federal waterfowl acquisition in Maine on 
appropriate areas. 
Development 
Most marsh development can be delayed until major acquisi-
tion objectives have been reached, thus permitting the use of 
funds for buying land. Depending on the course Federal assist-
ance programs take, however, it may be desirable particularly 
on large areas for the Department to take advantage of Federal 
finncial aid. New Soil Conservation Service and Public Works 
programs should be carefully analyzed to determine their merits 
for application to Maine waterfowl management. During the 
interim period between purchase and development of marsh 
areas, management plans should be prepared. An exception to 
this sequence could be construction of water control structures 
which are basic to most waterfowl marshes. 
Management 
Scientific management of wildfowl through regulation of the 
harvest and habitat will be increasingly important in the future. 
Because this is so, hunting regulations should be kept out of the 
realm of politics at both State and Federal levels. The concept 
of "species management" for waterfowl should be endorsed and 
its principles made clear to the public through information and 
education media. 
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Habitat management for ducks should be intensified on larger 
State-owned areas as funds permit. Also, it would be desirable 
to promote some form of goose management. Though in some 
cases expensive, techniques are currently available which have 
an excellent chance of success in providing a limited harvest of 
geese for Maine hunters. 
Utilization 
Broad authority governing harvest of the waterfowl resource 
rests with the U. S. Department of Interior. Recent improve-
ment in research facilities at Patuxent Research Refuge make 
close coordination between State and Federal waterfowl pro-
grams increasingly desirable. Continued Maine participation in 
various inventories and surveys which form a basis for harvest 
regulations is essential if the interests of Maine wildfowl and 
wildfowlers are to be represented and supported. 
Research 
1. Closely allied to species management is hunter manage-
ment. To be effective in this fo~ld we must know more about the 
hunter. 
2. Similarly for species management we must possess ade-
quate biological knowledge about the ducks to be managed. In 
this respect the common goldeneye needs much more investiga-
tion before we can safely stipulate how he responds to manage-
ment. Goldeneyes are often the second most important bird in 
the Maine waterfowl harvest and their needs should be carefully 
studied. 
3. Banding programs are not an end in themselves but do 
constitute an important research tool. Banding as a means of 
keeping tabs on annual mortality and population distribution 
should continue where and when needed. 
4. The status of sea ducks (scoters, eiders, and old squaws) 
as breeding, migrating, or wintering birds is virtually unknown. 
Their capacity to withstand cropping, the size and composition 
of harvest, and the hunting pressure on this group needs much 
investigation. 
Figure 24. Sea Ducks - An Unknown Potential. 
5. Habitat management for ducks is still in its infancy. 
Research for new and better methods should continue. Needed 
especially in Maine are techniques for improving salt marsh, 
shrub swamp and sedge-meadow cover types for waterfowl. 
Figure 25. New Techniques (like this nesting roll) Must Be Tested. 
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Figure 26. Areas for Small Marsh 
Construction. 
Cross hatched areas-good construction soils 
Plain areas-poor construction soils 
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APPENDIX A - FIELD DATA FORMS 
REPORTS OF BREEDING PAIR CENSl:S--196_ 
Stat~ __________ County __________ Town __________ _ 
Area ___________________ Qbserver _____________ _ 
Checked last year? (Yes_) (No_, 
ht Check 2nd Check 3rd Check 
Species Dale Date Date Est. Tot. 
Br. P11.irs 
No. Pain 
Le.st Year 
Pairs Lone M . Lone P. Flocks P~irs I Lone l\1 Lone P . I Flock! Pairs I Lone M I I.one F Flocks I ---.---+---1-----1----
Alack Duck 
---r--i 
--1-----1---1--t----+---!---+-I I 
Ringneck _I 
\\"oodOuck 
I ---1-----+---
--f---+---+-t-l--+----t---t-l -1-----i----,---i 
lloodcdt\lerg. 
Goldeneye 
Remarks (weather and water cond itions) : 
REPORTS OF BROOD COUNTS--196 _ 
State County ____ _ _ _ _ !\"arne of Area _____ _ 
Obsen·er ___________ Checked last year? (Yes__) (l\o_) 
No., Size, and A,ge of Broods 
Check #I Check #2 Check #3 C heck #4 Susan Total No. YounA 
Species Date Date Date Date Broods Lut Year 
Cli Cl fl C l III Cl l I Cl ll CIJII Cli CIJI Cl Ill Cli CIII :cl III No. Ave Size TotalYg. 
DlackDuck I 
I - --
.I. Wood Duck I 
-
I Ringneck 
Go ldencyc I ~ 
I Hoodcd Mcrg. I 
I I -,--- - I I I 
Remarks Total 
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Form E Work Plan No. ______ _ 
Small Marsh Da:a * 
Name: _______ _ No.: ___ Location: Town: _______ _ 
Lat. __ Long. __ 
Date Construction Completed ___________ _ 
Approximate Total Acreage (perimeter nesting cover) ____ _ 
Cover Data 
Nesting Cover Brood Cover Open Water 
Acreage 
Quality Rating (G.F.P.) 
Principal Species ( Submersed or 
floating lvd.) 
Water-Cover Interspersion Rating (G.F .P.) : 
Estimated average water depth: _______ _ 
Soils: Date sample collected: 
Analysis: pH _____ _ Organic Matter _____ _ p _____ _ Sand K _____ _ Silt 
C~------ Clay Mg _____ _ 
Water Supply: Source _____ Volume ___ _ Reliability ___ _ 
Control Structures (if any) 
Surrounding Cover and Topography: _________________ _ 
Remarks : 
* The form for natural breeding areas was identical with the omission of 
this item. 
APPENDIX B - STATISTICAL DATA 
TABLE 13. ANALYSIS OF VARIANCE IN THE MEAN PROPORTION 
OF OPEN WATER BETWEEN MARSHES OF VARIOUS SIZE 
CLASSES 
Source of Degrees of Sum of Mean 
Variation Freedom Squares Square F Ratio F .05 
Between Size 
Classes 7 .39 .056 1.57 2.17 
Residual 77 2.74 .036 
Total 84 3.13 
TABLE 14. ANALYSIS OF VARIANCE IN THE MEAN PROPORTION 
OF BROOD COVER BETWEEN MARSHES OF VARIO US SIZE 
CLASSES 
Source of Degrees of Sum of Mean 
Variation Freedom Squares Square F Ratio F .05 
Between Size 
Classes 7 .059 .084 2.40* 2.17 
Residual 77 2.68 .035 
Total 84 3.27 
TABLE 15. ANALYSIS OF VARIANCE IN THE MEAN PROPORTION 
OF NESTING COVER BETWEEN MARSHES OF VARIOUS SIZE 
CLASSES 
Source of Degrees of Sum of Mean 
Variation Freedom Squares Square F Ratio F .05 
Between Size 
Classes 7 .60 .086 2.87* 2.17 
Residual 77 2.31 .030 
Total 84 2.91 
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TABLE 16. ANALYSIS OF VARIANCE IN THE MEAN WATER 
DEPTH BETWEEN MARSHES OF VARIOUS SIZE CLASSES 
Source of Degrees of Sum of Mean 
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Variation Freedom Squares Square F Ratio F .05 
Between Size 
Classes 7 5,926 846.6 1.42 2.17 
Residual 76 45,477 598.4 
Total 83 51,403 
TABLE 17a. ANALYSIS OF VARIANCE-MEAN ANNUAL 
WATERFOWL BROODS OBSERVED ON PRODUCTIVE 
MARSHES OF VARIOUS SIZE CLASSES 
Source Degrees of Freedom Mean Square F Ratio 
Between Classes 7 2.00 1.27 
Residual 53 1.57 
Total 60 1.61 
TABLE 17b. ANALYSIS OF VARIANCE-MEAN NUMBER OF 
YOUNG DUCKS OBSERVED ON PRODUCTIVE MARSHES OF 
VARIOUS SIZE CLASSES 
Source 
Between Classes 
Residual 
Total 
Degrees of Freedom Mean Square F Ratio 
7 81.75 1.45 
53 56.48 
60 59.43 
TABLE 18a. ANALYSIS OF VARIANCE - MEAN ANNUAL DUCK 
BROODS OBSERVED ON NATURAL AND MAN-MADE MARSHES 
IN DIFFERENT REGIONS (PER ACRE BASIS) 
Source Degrees of Freedom Mean Square F Ratio 
Between Regions 2 .096 7.39** (F .01) 
Between Types 1 .044 3.39* (F .08) 
Residual 52 .013 
Total 55 .018 
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TABLE 18b. RESULTS OF DUNCAN'S MULTIPLE RANGE TESTS 
WITH KRAMER'S (1955) EXTENSION APPLIED TO MEAN DUCK 
BROOD PRODUCTION ON NATURAL AND MAN-MADE MARSHES 
IN DIFFERENT REGIONS 
Note: Means underlined with same line do not differ significantly 
(P .05 with limitations). 
Inter-
Northeast Northeast mediate 
Natural Man-made Natural 
In ter-
mediate 
Man-made 
Coastal 
Natural 
Means .046 .055 .105 .106 .164 
-------------------
Replications 3 2 10 14 17 
Coastal 
Man-made 
.296 
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TABLE 19a. ANALYSIS OF VARIANCE-MEAN ANNUAL NUM-
BERS OF YOUNG DUCKS OBSERVED ON NATURAL AND MAN-
MADE MARSHES IN DIFFERENT REGIONS (PER ACRE BASIS) 
Source Degrees of Freedom Mean Square F Ratio 
Between Regions 2 4.78 9.58':'* (F .01) 
Between Types 1 2.38 4.77* (F .05) 
Residual 52 .50 
Total 55 .69 
TABLE 19b. RESULTS OF DUNCAN'S MULTIPLE RANGE TEST 
WITH KRAMER'S (OP. CIT.) EXTENSION APPLIED TO MEAN 
NUMBERS OF YOUNG DUCKS OBSERVED ANNUALLY ON 
NATURAL AND MAN-MADE MARSHES IN DIFFERENT RE-
GIONS (PER ACRE BASIS). 
Note: See note, table 18b. 
Inter-
Northeast Northeast mediate 
Natural Man-made Natural 
Inter-
mediate 
Man-made 
Means .263 .456 .507 .560 
Coastal 
Natural 
.996 
-------------------
Replications 3 2 14 10 17 
Coastal 
Man-made 
1.833 
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APPENDIX C ·-ORIGINAL SOILS DATA 
TABLE 20. NUTRIENT LEVELS FOR STUDY MARSH SOILS 
Part I Man-made Marshes 
Organic Phos- Potas- Mag- Texture 
Area Name Township pH Matter phorous sium Calcium nesium Iron Sand Silt Clay 
(percent) lbs / acre lbs / acre lbs / acre lbs / acre lbs / acre ( % ) ( % ) ( % ) 
Pattee Erk. M . Albany 4.6 11.50 10 50 1000 25 10 
Putnam M. Monroe 5.4 11. 75 10 50 4000 50 10 
Monroe Twn. M . Monroe 5.4 10.25 10 50 3000 10 5 
Thompson M. E. Corinth 6.2 3.00 10 50 3000 50 5 
Townsend M. Hudson 5.4 3 .50 10 50 500 10 10 
Reeves M. Bangor 5 .6 5.04 10 50 3000 10 
Bishop M . Madison 5 .2 9 .25 10 50 3000 25 24.2 45.6 30.2 
Hewitt M . Skowhegan 5 .5 8 .97 10 50 3000 25 26.8 46.5 26.7 
Baily M. Skowhegan 5.4 21.5 10 50 4000 50 
Umberhind M. Richmond 5.3 4.14 10 50 2000 25 36.8 34.8 28.4 
Curtis M. Bowdoinham 5.3 8.63 25 50 1000 25 28.6 34.2 37.2 
Webber M . LaGrange 4.9 5.62 10 50 500 10 25 
Davis M. Sebec 5.0 13.29 10 50 5000 10 25 
Brewer Bros. M. Newport 5.4 11.50 10 50 2000 10 50 
Krah-Yeaton M. Newcastle 5 .3 8.42 10 150 3000 25 30.4 44.4 25.2 
Winslow M. Sheepscot 5.1 7 .75 10 150 2000 10 50 
Day M. Newcastle 5.8 8.50 25 100 4000 25 25 
Verney M. Alna 5 .4 5.75 10 50 500 50 50 
James #1 Cushing 5.7 9.45 10 100 4000 25 29.4 59.5 11.1 
James #2 Cushing 5 .5 5 .04 10 50 2000 25 26.4 46.4 27.2 
Reed Meadow M. Waldoboro 5.4 7.C0 10 50 500 50 50 
H . Smith M. Mars Hill 6.0 30.8 50 50 4000 400 46.4 37.2 16.4 
Patten Water Co. M. Crystal 5.0 39.3 10 50 3000 
Kirlin-Chase M. Houlton 5 6 51.2 50 100 4000 400 54.0 36.8 9.2 
E. Olsen Baileyville 5.7 1.35 10 100 1000 50 47.2 23.2 29.6 
Sorrento M . Sorrento 4.9 43.25 10 50 500 25 5 
Charlotte M. Charlotte 
Morean M. Standish 5.1 6.76 25 100 1000 10 64.0 32.4 3.6 
Turner M . York 5.3 3.17 50 150 750 10 ~ 01 
APPENDIX C - ORIGINAL SOILS DATA-Continued 
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Part II Natural Index Marshes 
Organic Phos- Potas- Mlag- Texture 
Area Name Township pH Matter phorous sium Calcium nesium Iron Sand Silt Clay 
(percent) lbs / acre lbs / acre lbs / acre lbs / acre lbs / acre ( % ) ( % ) ( % ) 
Little Labrador Pd. Sumner 5.5 4.62 10 50 4000 200 77.6 18.8 3.6 
Fields Hill Flowage Sumner 4.9 2.66 10 50 3000 25 59.1 25.2 15.5 
Sheepskin Pond Greenwood 4.3 31.00 10 50 2000 10 25 
Walker Mtn. Flowage Bethel 4.7 7.52 10 50 3000 50 86.0 10.8 3.2 
Lily Pond Monroe 5.2 52.00 50 50 3000 100 42.2 45.8 12.0 
Northern Pond Monroe 5.2 4.88 10 50 3000 50 58.2 30.2 11.2 
York Ponds Monroe 5.2 7.87 10 50 2000 25 
Putnam #2 Monroe 5.0 9.50 10 50 750 10 25 
Gilmore Meadow Newburg 5.1 12.9 10 50 4000 50 40.0 48.7 11.3 
Chapman Pond Newburg 5.5 4.67 10 50 4000 200 
Butnam Pond Dixmont 5.2 41.00 10 50 4000 100 
Croxford Flowage Dixmont 5.3 25.30 10 50 4000 50 43.0 49.7 7.3 
Chase Bog Dixmont 5.1 32.90 10 50 4000 75 34.4 51.l 14.4 
Upper Drake Pond Jackson 4.7 8.97 10 50 3000 50 55.6 40.6 3.8 
Lower Drake Pond Jackson 5.1 39.80 10 50 4000 46.8 43.6 9.6 
Farm Brk. Flowage Jackson 4.8 10.70 10 50 3000 200 47.6 41.6 10.8 
Springhole Pond Newburg 5.2 50.8 100 50 3000 50 
Kids Kamp Pond Newburg 5.1 39.1 10 50 4000 25 40.0 48.6 11.4 
Birch Stream Flowage LaGrange 5.3 5.24 10 50 2000 5 50.0 38.8 11.2 
Holt Pond Springfield 5.4 50.10 10 50 4000 200 
Quimby's Pond Orrington 5.0 4.55 10 50 1000 25 86.8 10.0 8.2 
Arey's Corn. Bv. Flg. Hampden 4.9 6.76 10 50 3000 25 16.0 50.4 33.6 
Carter's M. Bv. Flg. Surry 4.4 39.10 10 50 3000 25 40.0 40.8 19.2 
N . Pd. Inlet M. Chesterville 5.0 18.00 10 200 2000 25 67.0 26.0 7.0 
Beal's Brk. Flowage Farmington 5.4 8.07 10 50 4000 25 48.8 38.4 12.8 
Starks Flg. #2 Starks 6.0 - 10 50 2000 25 silt loam 
Starks Flg. #1 Starks 5.3 7.80 10 50 2000 25 45.2 42 .2 12.6 
Tuttle's Bv. Fig. Bowdoinham 4.6 9.11 10 150 1000 25 40.2 37.8 22.0 
Bowdoin Ctr. Bv. Flg. Webster 5.0 2 .69 25 50 750 10 86.4 9.0 4.6 
Ornsby Bv. Flg. Brunswick 5.2 8.63 10 50 2000 25 17.4 43.2 39.4 
Shaker Pond Flg. Poland 5.0 37.75 10 50 2000 25 
APPENDIX C - ORIGINAL SOILS DATA-Continued 
Part II Continued 
Organic Phos- Potas- Mrag- Texture 
Area Name Township pH Matter phorous sium Calcium nesium Iron Sand Silt Clay 
(percent) lbs / acre lbs / acre lbs / acre lbs / acre lbs / acre ( % ) ( % ) (%) 
Lily Pond Turner 5.0 4.49 10 50 1000 25 84.0 14.1 1.9 
Bear Pond Flowage Turner 5.4 85.00 10 50 3000 25 5 
Nat Fellows GMA Wayne 6.2 50 .00 300 400 2000 25 
Beaver Flowage Durham 5.0 3.04 10 50 750 10 22.0 40.0 38.0 
Carver Pond Milo 5.2 10.5 10 50 1000 10 43.2 42.8 14.0 
Daggett Erk. Flowage Dover 6.0 11.7 10 50 4000 200 59.2 30.8 10.0 
Lyfert M. Sebec 5.0 10.25 10 50 750 10 5 
Piscataquis R. Dover-Milo 5.1 9.50 50 50 1000 10 10 
Edes Erk. Flowage N. Guilford 5.3 26.20 10 , 50 1000 10 48.0 37.6 14.4 
Powers Erk. Flowage Atkinson 5.2 9.74 250 200 5000 50 10 
Interstate M. Newport 5.2 30.75 10 50 2000 10 10 
Martin Strm. Flowage Plymouth 5.2 17.50 25 200 2000 25 5 
Newcastle Chk. Flg. Newcastle 5.2 1.52 25 50 2000 50 42.0 38.8 19.2 
Janis Pond Edgecomb 4.5 45.10 10 50 2000 50 
W. Branch Ev. Flowage Somerville 4.5 5.60 50 150 2000 50 
Rich Mill Pond Standish 5.0 14.50 10 50 3000 50 5 
Pleasant Pt. M . Cushing 5.0 11.30 10 50 1000 25 30.0 50 .0 20 .0 
Back Brook Waldoboro 4.7 57.30 25 100 2000 50 49.2 39.8 11.0 
Benner Brook Waldoboro 5.1 42.40 10 100 1000 25 
Venture Erk. Flowage Pltn. #14 5.0 60.40 50 50 4000 200 
Harrison Erk. Flowage Charlotte 5.1 41.7 25 150 4000 50 46.4 36.8 16.8 
Day Brook Flowage Princeton 4.7 8.42 10 100 2000 25 27.2 50 .8 22.0 
Seaside M. Cutler 5.4 14.35 10 300 2000 50 74.0 7.2 18.8 
Winslow Lake Mars Hill 6.7 27.60 300 150 4000 400 
Dilling Erk. Flowage Easton 7.1 100 50 4000 silt loam 
Mud Lake Oakfield 6.3 50.00 10 50 4000 400 
Ingraham Pond Hodgdon 6.2 18.00 100 150 4000 200 48.2 36.2 15.6 
Fischer Lake Ft. Fairfield 5.7 27.8 50 50 4000 400 63.4 32.8 3.8 
m 
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APPENDIX D - REFERENCE MATERIAL 
Marsh Appraisal 
A proposed procedure for use by Game Division Personnel in 
gathering necessary criteria for evaluating the waterfowl man-
agement potential of individual wetland sites in Maine. 
Introduction 
The process of judging waterfowl management potential of 
wetlands will continue to receive increasing interest from both 
State and Federal conservation agencies. Stepped-up acquisi-
tion programs in the Flyway have emphasized the need for tech-
niques with which to appraise the relative management and for 
development possibilities of individual sites. Our own work has 
illustrated a similar need at State level. The Habitat Manage-
ment Committee for the Atlantic Flyway is currently preparing 
a techniques manual which will include a section on marsh sur-
veys. Information in this publication may make changes in the 
following procedure advisable. However, the method outlined 
here will provide the basic data needed to reach decisions on 
"which" marsh to buy or build when planning annual or biennial 
projects. Triplicate files of marsh appraisal data should be 
maintained by the regional biologist, the game division at Au-
gusta, and the waterfowl research leader in Orono. 
I. Prospectus 
Write a general narrative description of the area giving size, 
location, proposed waterfowl use plus possibilities for other 
recreation or multiple uses. Present any advantages, dis-
advantages, and/ or extenuating circumstances. (You could call 
this an abstract of why you're interested in the area.) 
II. Bio-Engineering Survey 
A. Complete form MA-1 titled "Marsh Appraisal Bio-
Engineering Survey." 
B. Prepare an overlay of the impoundment watershed at a 
scale of 1/ 62,500 or 1/ 24,000. Show cover to extent of 
HW, SW, MG, etc. and cultural or land use features. 
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C. Prepare a habitat map of marsh area in present condi-
tion at scale of 1" = 660'. Show major plant commu-
nities ( using attached cover classifications), location 
of soil samples and any other pertinent data. 
III. Socio-Economic Survey 
Complete form MA-2 titled "Marsh Appraisal Socio-
Economic Survey." 
IV. Distribution 
Assemble above material sending original copy to Augusta, 
a carbon to Orono and maintaining a carbon file in the regional 
office. 
Name of Area 
Location 
Marsh Appraisal 
Form 1 
Bio-Engineering Survey 
Size marsh __________ _ 
Size watershed _________________ _ 
Wetland Type: 
acres 
acres 
Proposed Use (i.e. bre€ding, refuge, hunting, combinations) 
Reasons --------- -------------
Reference Data: 
Maps: 
Aerial Photos: (Numbers, date, scale, quality, where are 
copies located, where can prints be ob-
tained) 
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Wetland Classes: Wetlands of Maine 
January, 1954 
Office of River Basin Studies, 
U. S. F. & W. Service 
Boston, Massachusetts 
Cover Types: Spencer, H. E. Jr., 1959 
Cover type classification for use in wetland habitat map-
ping. (Mimeo) 
Water Supply: 
Source: 
--- ------ -------------
Tidal: 
range 
freq. inundation _ _ ______________ _ 
pH: 
Turbidity ___________________ _ 
Pollution 
Stain 
Regularity of flow ________________ _ 
Periods of run-off ________________ _ 
Peak run-off flows _______________ cfs 
Salinity (if tidal) 
--------------- % 
Availability of fresh water (if tidal) 
Topography: 
Watershed 
slope ___________________ _ 
exposure 
Marsh (and immediate adjacent lands) 
surface gradients 
--------------% 
subsurface features (rock ledge, sand ridges, peat de-
posits, etc.) 
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Islands (possible use of) 
Points (possible use of) _____________ _ 
Dike site ____________________ _ 
Other items providing data for engineering feasibility __ 
Vegetative Cover: 
·Watershed HW % 
SW -------------- % 
MG % 
Brush _______________ % 
Pasture % 
Grass or Crops % 
Describe generally as to age, density and distribution 
Marsh: (see map) 
Fisheries Aspects : 
Fishways required? 
Probably fisherman use? _____________ _ 
Other: 
Accessibility 
Marsh Appraisal 
Form 2 
Socio-Economic Survey 
Rights of way for heavy equipment, potential parking area 
sites, accessibility from existing public highways, consider-
ation whether for year-round use or limited to hunters, 
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potential for multiple use facilities ( camp grounds, fishing, 
etc.), relationship between proposed use and accessibility. 
Ownership 
a. Names, addresses, and phone numbers of obvious own-
ers (if rural show residence on overlay). 
b. Who owns what? (approx.) 
c. Possible acquisition arrangements and estimated costs. 
d. Existing easements affecting development. 
e. Recommendations as to type of acquisition arrangement. 
Vulnerability 
Susceptibility this area to loss, destruction or deterioration. 
Other Social or Economic Factors 
Proximity to housing, existing and potential industrial 
(commercial), and recreational developments, existing or 
potential mosquito control problems (programs), possibility 
of creating increased insect or odor nuisances, possible effect 
of water level manipulation on adjacent owners and their 
vacation (beaches, etc.), owners attitude toward Depart-
ment and also toward public use of area. 
Marsh Habitat Mapping Procedure - Maine 1960 
1. Use air photos as basis for cover map. 
2. Utilize standard (attached) symbols for plant communities. 
3. Employ formula type designation for cover types delineated on map. 
See description below. 
Type Formula Explanation 
a. Use letter and number symbols according to # 1 above. 
b. Use numbers in parentheses as prefixes to symbols to indicate 
the percent of the type occupied by the plant species. Use 
scale of 1-10 with 10 = 100% . 
c. Use a dash and number in parentheses as a suffix to indicate 
the density or percent of the type occupied by all plants com-
bined ( i.e. stocking). 
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d. Designate overstory and understory as fractional numerator 
and denominator where such situations exist. 
Sample: 
(3) *M2 (2) *M1 (5) *MG 
(l0)*Ws 
* Percent of type 
occupied by species 
(8)** 
** Percent plant occupation of 
type (i.e. density of stock-
ing) 
The above sample would be interpreted as: a 2- story stand 
with an understory of 100% Naiads (Wo), and an overstory of 
30 % three-square (M2), 20 % roundstem bulrushes (M1), and 
50% wild rice (M5) with a density of 80 % of the area occupied 
by plants. 
4. Map only types which can be readily delineated on the photo. ( These 
can be drawn in without going to the area.) 
Cover Type Classifications for Use in Wetland Habitat 
Mapping 1 
Aquat~c Types 
W 1 - Sago pondweed (Potamogeton pectinatus), pure or predominatjng. 
W 2 - Claspingleaf pondweed (redhead grass) (Potamogeton perfoliatus) 
pure or predominating. 
W 3 - Pondweeds (Potamogeton sp. or spp.) pure or predominating, not 
including the two preceding species. 
W 4 - Wild celery ( Vallisneria spiralis) pure or predominating. 
W 5 - Wigeongrass (Ruppia sp. or spp.) pure or predominating. 
W o - Naiads (Na_·as sp. or spp.) pure or predominating. 
W 7 - Muskgrass (Chara sp. or spp .) pure or predominating. 
Ws - Water shield (Brasenia schreberi) pure or predominating. 
W o - Free-floating plants, like frogbit (Limnobium spongia), riccia 
(Riccia fleuitans), duckweeds (Lemnaceae) pure or predominating. 
W 10 - Pad type vegetation, including waterlilies (Nymphaea sp. or spp.) 
spatterdocks (Nuphar sp. or spp.) and lotus (Nelumbo sp. or spp.) 
pure. 
W u - Aquatic plants of poor quality waterfowl food, including water star 
grass (Heteranthera dubia), waterweed (Anacharis) (Elodea sp. 
or spp.), fanwort (Cabomba caroliniana), watermarigold (Bidens 
1 Adapted from Div. of Wildlife Refuges, Wildlife Management Series #7, 
March 15, 1946. 
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beckii), water milfoil (Myriophyllum sp. or spp.), coontail (Cerato-
phyllum demersum), white water buttercup (Ranunculus sp. or spp.), 
and bladderwort ( Utricularia sp. or spp.). 
W 12 - Water club rush (Scirpus subterminalis). 
W 1a - Miscellaneous aquatics. 
Vegetative Marsh Types 
M1 - Roundstem bulrushes with leafless culms, including hardstem bulrush 
(Scirpus acutus), slender bulrush (Scirpus heterochaetus), softstem 
bulrush (Scirpus validus), and Southern bulrush (Scirpus californi-
cus) pure or predominating. 
M2 - Three-square bulrush, with leafless culms, including common three-
square bulrush (Scirpus americanus) and Olney's three-square bul-
rush (Scirpus olneyii) pure or predominating. 
Ma - Leafy stem bulrushes, including river bulrush (Scirpus fiuviatilis), 
Alkali (prairie) bulrush (Scirpus paludosus), and saltmarsh bul-
rush (Scirpus robustus) pure or predominating. 
M,i - Smartweeds (Polygonum sp. or spp.) pure or predominating. 
M6 - Wildrice (Zizania sp. or spp.) pure or predominating. 
Mo - Wild millet (Echinochloa sp. or spp.) pure or predominating. 
M1 - Arrowhead or duck potato (Sagittaria sp. or spp.) pure or predomi-
nating. 
Ms - Fleshy plants generally with broad leaves, including pickerelweed 
(Pontedaria cordata), arrow-arum (Peltandra virginica), golden club 
(Orontium aquaticum), sweetflag (Acorus calamus), and other arums 
(Araceae), but not including arrowheads or duck potatoes (Sagittaria 
sp. or spp.). 
Mo - Chufa ( Cyperus esculentus) pure or predominating. 
M10 - Cyperus ( Cyperus sp. or spp. except C. esculentu s) pure or predomi-
nating. 
Mu - Spikerushes (Eleocharis sp. or spp.) pure or predominating. 
M12 - Saltmeadow cordgrass (Spar tina pat ens) pure or predominating. 
M1a - Saltmarsh cordgrass (Spartina alternifiora) pure or predominating. 
MH - Saltgrass (Distichlis spicata) pure or predominating. 
M16 - Glasswort (Salicornia sp. or spp.) pure or predominating. 
M1a - Sawgrass ( Cladium jamaicense ) pure or predominating. 
M11 - Burreeds (Sparganium sp . or spp.) pure or predominating. 
M1s - Sedges (Carex sp. or spp.) pure or predominating, but not including 
sedges commonly associated with hay slough. Meadow marsh, or 
pasture, e.g ., sedge bog. 
Weed Marsh Types, Generally Speaking 
M10 - Cattail (Typha sp. or spp.) pure or predominating. 
M20 - Reed (Phragmites communis) pure or prP,dominating. 
M21 - Rush Family (Juncus sp.) pure or predominating. 
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M22 - Alligatorweed (Alternanthera philoxeroides) pure or predominating. 
M n - Giant cutgrass (Zizaniopsis miliacea) pure or predominating. 
M24 - Maidencane (Panicum hemitomum) pure or predominating. 
M25 - Marsh meadow, hay slough ( (Gramineae (Poaceae) family and Carex 
spp. in part) ) . 
Wetland Woody Types 
S 20 -Alder (Almus spp.) 
S 21 - Willow (Salix spp.) 
S 2s - Buttonbush ( Cephalanthu,s occidentalis) 
S20 - Spiraea - Hardhack (Spiraea sp.) 
Sao - Red Maple (Acer rubrum) 
S 31 - Tamarack (Larix laricina) 
Sa2 - Black Spruce (Picea mariama) 
Saa - Ash (Fraximus spp.) 
Sa4 - Elm ( Ulm us spp.) 
Sas - Miscellaneous Trees 
Sao - Leather leaf ( Chamaedaphne calyculata) 
Sa1 - Labrador tea (Ledum groenlandicum) 
Sas - Sweet Gale (Myrica gale) 
Sao - Miscellaneous Heath Shrubs (Ericaceae) 
AQUATIC PLANT CODE 1 FOR USE WITH MACHINE 
DATA PROCESSING 
Code No. 
I - 1 
I - 2 
I- 3 
I - 4 
I- 5 
I- 6 
I - 7 
I- 8 
I - 9 
I - 10 
I -11 
I - 12 
I - 13 
I - 14 
I - 15 
I - 16 
I - 17 
I - 18 
I - 19 
I - 20 
I - 21 
I - 22 
I - 23 
I - 24 
I - 25 
I - 26 
I - 27 
I - 28 
I - 29 
I - 30 
I - 31 
I - 32 
I - 33 
I - 34 
I - 35 
I - 36 
I - 37 
I - 38 
I - 39 
I - 40 
I - 41 
I - 42 
I - 43 
I - 44 
I - 45 
I - 46 
Scientific Name 
Acorus calamus L. 
Alismaceae 
Alnus spp. 
Aster spp. 
Bidens spp. 
Group I 
Brasenia schreberi Gmel. 
Calla palustris L. 
Caltha palustris L. 
Carex lasiocarpa Ehrh. 
C ro,strata Stokes 
C. Stricta Muhl. 
Carex spp. 
Cephalanthus occidentalis L. 
Ceratophyllum L. 
Chamaedaphne calyculata (L.) 
Moench. 
Cicuta spp. 
Compositae 
Corn us stolonif era Michx. 
Cyperaceae 
Cyperus esculentus L. 
Cyperus spp. 
Dulichium arundinaceum (L.) 
Britton 
Eleocharis acicularis (L.) R. & S. 
E. palustris (L.) R. & S. 
Eleocharis spp. 
Elodea spp. 
Eriophorum spp. 
Eupatorium spp. 
Eupatorium per/ oliyatum L. 
H aloragidaceae 
Hypericum spp. 
Juncus spp. 
Lemnaceae spp. 
M egalodonta beckii (Torr.) G1·eene 
Myrica gale L. 
Najas spp. 
Nuphar spp. 
Nymphaea spp. 
Peltandra virginica (L.) (Kunth) 
Podostemum ceratophyllum Michx. 
Polygonum amphibium L. 
P. arifolium L. 
P. hydropiper L. 
P. hydropiperoides Michx. 
P. lapathifolium L. 
P. pensylvanicum L. 
Co:nmon Name 
Sweetflag 
Waterplantain Family 
Alder 
Aster 
Beggar Ticks 
Water Shield 
Wild Calla 
Marsh Marigold 
Sedge 
Sedge 
Sedge 
Sedge 
Button bush 
Coontail 
Leather leaf 
Water Hemlock 
Composite Family 
Red-osier Dogwood 
Sedge Family 
Chufa 
Sedge Family 
Three-way Sedge 
Needle Rush 
Creeping Spikerush 
Spikerush 
Waterweed 
Cotton Grass 
Joe-Pye Weed 
Boneset 
Water Milfoil Family 
St. John's-Wort 
Rushes 
Duckwood Family 
Water Marigold 
Sweetgale 
Naiad Family 
Soatterdock (yellow lily) 
Waterlily (white) 
Arrow-arum 
Riverweed 
Water Smar tweed 
Tearthumb 
Water Pepper 
Mild Water Pepper 
Nodding- Smartweed 
Large Seed Smartweed 
1 Adapted from: Richards, Chas. D., 1956. Check list of marshland aquatic 
plants of Maine Dept. of Bot., Univ. of Maine, Orono, Me. (Mimeo.) 
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Code No. 
I - 47 
I - 48 
I - 49 
I - 50 
I - 51 
I - 52 
I - 53 
I - 54 
I - 55 
I - 56 
I - 57 
I - 58 
I - 59 
I - 60 
I - 61 
I - 62 
I - 63 
I - 64 
I - 65 
I - 66 
I - 67 
I - 68 
I - 69 
I - 70 
I - 71 
I - 72 
I - 73 
I - 74 
I - 75 
I - 76 
I - 77 
I - 78 
I - 79 
I - 80 
I - 81 
I - 82 
I - 83 
I - 84 
I - 85 
I - 86 
I - 87 
I - 88 
I - 89 
I - 90 
I - 91 
I - 92 
I - 93 
I - 94 
I - 95 
I - 96 
II - 1 
II - 2 
II - 3 
II - 4 
II - 5 
Scientific Name 
P. persicaria L. 
P. punctatum Ell. 
Polygonum spp. 
Pontede1·ia ceae 
Potamogeton amplif olius Tucke1 ·11i 
P. epihydrus Raf. 
P. filiformis Pe1·s. 
P. f oliosus Raf. 
P. g1·amineus L . 
P . natans L . 
P. pectinatus L . 
P. peifoliat11s L . 
P. pusillus L . 
P. richardsonii (Benn.) Rydb. 
P. zosteriformis Fe?'?i 
Potam,ogeton spp. 
Ranunculus spp. 
Rhynchospo1·a spp. 
Rumex ,spp. 
Ruppia maritima L. 
Sagittaria cuneata Sheldon 
S. graminea Michx. 
S. latifolia Willd. 
Sagittaria 1·igida Pu?'Sh. 
Salix spp. 
Scirpus acutus Muhl. 
S . ame1·icanus Pers. 
S. cyperinus (L.) Kunth. 
S. fluviatilis (Torr.) Gray 
S. paludosus A. Nels. 
S. subterminalis To?'?·. 
S. Ton-eyi Olney 
S. validus Vahl. 
Scfrpns SJJJJ. 
Senecfo aureus L . 
Sium suave Walt . 
Solanum dulcamora L. 
Solidago spp. 
Sparganium angustifolimn 
S. chlo1·ocarpum Rydb. 
S. eurycarpum Engelm. 
S. fluctuans (Mo1'0ng) Robbinson 
S. minimum Fries 
Spa1·ganium M ultipedunculatmn 
(Morong) Rydb. 
Typha SJJJJ. 
Umbelliferae 
Utricula1·ia spp. 
V allisneria americana M ichx. 
Zannichellia palust?·is L . 
Zoste1·a ma?'ina L. 
Group II 
Acnida altissima Riddell 
Acnida cannabina L . 
Alopeciwus spp. 
Asclepias incarnate L . 
A t?-iplex spp. 
Common Name 
Ladysthumb 
Dotted Smartweed 
Buckwheat Family 
Pickerelweed Family 
Large-leaf Pondweed 
Leafy Pondweed 
Pondweed 
Leafy Pondweed 
Variable Pondweed 
Floating-leaf Pondweed* 
Sago Pondweed 
Clasping-leaf Pondweed 
Pondweed* 
Clasping-leaf Pondweed 
Flat-stemmed Pondweed 
Pondweed Family 
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Crowfoot (Buttercup) Family 
Beak Rush 
Dock 
Wigeon Grass 
Arrowhead 
Arrowhead 
Wapato 
Arrowhead 
Willow Family 
Hardstem Bulrush 
Common Three-square 
Woolgrass 
River Bulrush 
Bayonet-grass 
Water Bulrush 
Torrey's Three-square 
Softstem Bulrush 
Bulrush 
Groundsel 
Water Parsnip 
Bittersweet 
Goldenrod 
Narrow Ribbon-leaf 
Burreed 
Giant Burreed 
Broad Ribbon-leaf 
Burreed 
Bu1Teed 
Cattail 
Parsley Family 
Bladderwort 
Wild celery 
Horned Pondweed 
Eelgrass 
Waterhemp 
Tidemarsh Waterhemp 
Foxtail 
Swamp Mildweed 
Orach 
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Code No. 
II - 6 
II 7 
II - 8 
II - 9 
II -10 
II- 11 
II -12 
II - 13 
II -14 
II - 15 
II - 16 
II -17 
II - 18 
II -19 
II - 20 
II - 21 
II - 22 
II - 23 
II - 24 
II - 25 
II - 26 
II - 27 
II - 28 
II - 29 
II- 30 
II - 31 
II - 32 
II - 33 
II - 34 
II - 35 
II - 36 
II- 37 
II - 38 
II - 39 
II - 40 
II - 41 
II - 42 
II - 43 
II- 44 
II - 45 
II - 46 
II - 47 
II - 48 
II - 49 
II - 50 
II - 51 
II - 52 
II - 53 
II - 54 
II - 55 
II - 56 
II- 57 
II - 58 
II - 59 
II - 60 
II - 61 
II - 62 
II - 63 
II - 64 
II - 65 
Scientific Name Common Name 
Beckmannia syzigachne (Steud.) 
Fern American Sloughgrass 
Boraginaceae Borage Family 
Calamagrostis spp. Grass Family 
Callitrichaceae Water Starwort Family 
Campanula spp. Marsh Bluebell 
Characeae Muskgrass Family 
Chara spp. Muskgrass Family 
Chenovodium glaucurn L. Oakleaf Goosefoot 
Chondrus crisvus (L.) Stackhouse Irish Moss . 
Cruciferae Mustard Family 
Deschamvsia cae,spitosa (L.) Beauv. Hairgrass 
Distichlis spicata (L.) Greene Saltgrass 
Dryopteris thelypteris (L.) A. Gray Marshfern 
Echinochloa spp. Wild Millet . 
Elatinaceae Waterwort Family 
Elynius virginicus L. Wild-rye 
Enteromorpha spv. Entrail Grass 
Equisetu1n spp. Horsetail 
Eragrostis spp. Lovegrass 
Eriocaulon spp. Pipewort 
Fontincilis spp. Water Moss 
Fucaceae Wrack Family 
Galium spp. Bedstraw 
Gentianaceae Gentian Family 
Glyceria spp. Mannagrass 
Gramineae Grass Family 
Iris spp. Iris Family or Flag 
I soetes spp. Quill wort 
Labiatae Mint Family 
Leersia spp. Cutgrass 
Leguminosae Pulse Family 
Limonium nashii Small Sea-lavender 
Littorella americana Fern. Littorella 
Lobelia spp. Lobelia 
Lycopodium inundatum L. Clubmoss 
Lythraceae Loosestrife Family 
Marsilia quadrifolia L. Waterfern 
Mantia lamprosperma Cham. Blinks 
Onagraceae Evening Primrose Family 
Osmunda regalis L. Royal Fern 
Panicum spp. Panic Grass 
Phalaris arundinaceae L. Reed Canary-grass 
P hragmites communis Trin. Common Reed 
Pilea pumila (L.) Gray Clearweed 
Poa palustris L. Fowl Blue Grass 
Primulaceae Primrose Family 
Rhexia virginica L. Deer Grass 
Ricciaceae Riccia Family 
Rorippa spp. Cress 
Rosaceae Rose Family 
Rosa palustris Marsh. Swamp Rose 
Salicornia spp. Glasswort 
Saxifragaceae Saxifrage Family 
Scheuchzeria palustria L . Arrowgrass 
Scrophulariaceae Figwort Family 
Spartina alterniflora Loisel. Smooth Cordg-rass 
S. pat.ens ( Ai~.) Muhf. Salt_n~eadow Cordgrass 
Spartina pectinata Link Prairie Cordgrass 
Spergularia spp. Sandspurry 
Suaeda spp. Sea Blite 
II - 66 
II - 67 
II - 68 
II - 69 
II - 70 
II - 71 
II - 72 
II - 73 
II - 74 
II - 75 
II - 76 
II - 77 
II - 78 
II - 79 
II - 80 
II - 81 
II - 82 
TABLE 
Tillaea aquatica L. 
Triglochin spp. 
Ulva spp. 
Verbena hastatci L. 
Viola lanceolata L. 
Xypris spp. 
Zizania aquatica L. 
Unknown 
" 
21. NUTRIENT LEVELS IN 
Tillaea 
Arrowgrass 
Sea Lettuce 
Blue Vervain 
Lance-leaved Violet 
Yellow-eyed Grass 
Wildrice 
Unknown 
" 
POUNDS PER ACRE 
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FOR 
SOIL VALUE INDICATED 
UNIVERSITY OF MAINE SOIL TESTS 
Very Medium Very 
Low Low Medium High High High 
Nitrate - N 2 10 20 40 60 100 
Ammonia- N 5 20 50 100 200 400 
Phosphorus 10 25 50 100 200 300 
. Potassium 50 100 150 200 300 400 
Calcium 50J 750 1000 2000 3000 4000 
Magnesium 10 25 50 100 200 400 
Manganese 5 10 25 50 75 100 
Ferric Iron 0 5 10 25 50 100 
Aluminum 10 20 50 100 250 500 
pH 4.0-4.7 4.7-5 .2 5.2-5 .7 5.7-6.4 6.4-7.0 
V. Strongly Strongly Medium Moderately Slightly 
Acid Acid Acid Acid Acid 
Above 7.0 -Alkaline. 

